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PLATE I. 

Fire-place of a studio at Terre Neuve (Vendd), France. From 
UEau Forte de, 1847. 



PLATE II. 

Fire-place in a peasant's cottage in i Brittany. The abode of the 
farmer often consists of a single room on the ground-floor, in which 
it is no uncommon thing to find the beds of eight or ten persons, 
the room serving as kitchen, parlor, bed-room, and cattle-stall at 
once. The room shown in our plate has been somewhat modernized, 
the colossal fire-place and mantel alone preserving its original ap- 
pearance. The woodwork is of the period of Louis XIV. or XV. 
The cut is from the Revue Generate de V Architecture et des Travaux 
Publics, 1873. Vol. xxx. 



PLATE in. 

Fire-place in the Council Chamber of Courtray. Elizabethan 

style. 



PLATE IV. 

Fire-place and chimney in the ** Salle de Mars," ChS,teau of 
Francois I. at St. Germain en Laye, France. From Sauvageot 
'* Palais et Chateaux de France." 



PLATE V. 

Gothic mantel of stone in the Guard Chamber of the ancient 
palace of the Dukes of Burgundy at Dijon, France: fifteenth century. 
The style is late Gothic or Flamboyant ; the decorative screen work 
is designed to screen the pyramidal flue of masonry behind it from 
sight. There are several ancient Gothic fire-places with pyramidal 
upper part existing in England, but they are all undecorated. In 
France, a small concealed place or chamber was often constructed 
behind the fire-place. The Duchess de Berry and her attendants 
were captured in one of these hiding places, having crowded more 
into it than the place was intended to hold, and the soldiers having 
made a large fire in front of them. The cut is from The Builder, 
London. 1847. 



PLATE VI. 

Turkish fire-place at K^resoun. This specimen of the Oriental 
Art of the seventeenth century is in the Pacha's Palace in the city 
of Ker^soun (ancient Cerafonta), which stands on a rock on the 
southern coast of the Black Sea. 

The entire central frame of the fire-place is of a hard grayish stone, 
somewhat resemblinjj granite. The decoration of the mantel and of 
the two sides, or _^ wings, ornamented with niches, is moulded plaster- 
work vigorously retouched with the chisel. The whole is fitted in 
the wooden facings of the walls, which are garnished with divans and 
cushions. The climate of this country demanding often a speedy 
and bright flame, the fuel is placed vertically, as in Persia. The 
lighting is effected by means of dry aromatic herbs. From V Art 
pour Tous^ for 1861. 
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CHAPTER I. 

THE OPEN FIRE-PLACE AS IT IS. 

That Great Radiator of heat to all living beings, the sun, 
furnishes those beings with the kind of heat best suited to support 
the life which it has developed, namely, that of direct radiation. 

If we would only accept this lesson, repeated every day, as if for the 
purpose of giving it all possible emphasis, in a manner the most im- 
pressive and with apparatus the most magnificent that nature can fur- 
nish or the mind of man imagine; if we would accept the lesson, and 
endeavor to heat our houses after the same principles, these houses 
might be made as healthy as the open fields. We should be prompted 
to respect more the open fire-place, as furnishing the best substitute 
for the life and health giving rays of the sun, and to discard all such 
systems of heating as are opposed in principle to that employed by 
nature. 

With direct radiation the body is warmed, while the air breathed is 
cool and refreshing. With the hot-air principle of heating the reverse 
is the case, and it is found that, when this unnatural method is long 
employed to the total exclusion of the natural, serious discomfort 
and disease are the results. That warm air is less effective than cold 
in purifying the blood by removing the carbonic acid from the lungs 
is demonstrated both by our own experience and by the investigations 
of science. Experiments made on birds and animals have shown 
that the amount of carbonic acid exhaled when breathing air heated 
from 30O to 41° Centigrade (86° to 106° F.) is less than one half that 
exhaled when the temperature is near the freezing point. 

The open fire, while it radiates an agreeable heat upon our bodies, 
animating us with a cheering and healthy glow or excitement, like 
that produced by a bright sun on a frosty morning, leaves the air 
comparatively cool, concentrated, and invigorating for breathing. 

Now, although from the earliest times of which we have record the 
open fire-place seems to have been the favorite device for heating 
and ventilating the habitations of man ; although no modern house is 
considered complete without it either for use or for ornament ; al- 
though the physician regards it as a most valuable ally in the mastery 
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of disease; and although its improvement has at all times claimed 
the attention of the most distinguished scientists and philanthropists, 
as well as of the practical mechanic; yet we find it to-day so little 
understood and generally so incorrectly constructed that at least 
seven eighths of the heat of the fuel is lost, and its capabilities as a 
ventilator are almost entirely neglected, so that our fire-places may 
be properly described as devices contrived in the interest of the coal 
merchant for the purpose of carrying up to the roof, in the form of 
smoke, the greatest possible amount of money, and of leaving the 
smallest possible amount of comfort behind. My definition of the 
word **cnimney'* would be this: A long tube open at both endu, 
the lower opening, called a " fire-place," being used to receive fuel 
and to emit smoke; the upper, to direct upon the roof from eighty- 
five to ninety-five per cent of the heat and smoke jrenerated below ;• 
generally so constructed as to carry off as much of the warm air of 
the room as is pure enough to be breathed, and cause large draughts 
of cold air to supply its place by rushing across the feet of the occu- 
pants in the manner best calculated to give them rheumatism, (con- 
sumption, pneumonia, and other diseases. To complete the appa- 
ratus, screens are sometimes added to obstruct the circulation in the 
apartment. 

WASTE OF HEAT. 

In the city of Paris, according to M. V. Ch. July, there are used 
annually, for heating purposes, over 500,000 cubic meters of fire- 
wood alone, costing about twenty-five million francs, and of this only 
eight to ten per cent, or in value about two million francs, are actually 
turned into serviceable heat. The remainder, to the value of about 
twenty-three million francs, annually disappears in the air without 
profit to any one. " What must we estimate the total amount of an- 
nual loss," says an eminent writer on ventilation, ** in fuel, both of 
wood and coal, throughout the entire world, when we consider that 
the open fire-place is used to-day by over fifty millions of people I '* 

DANGEROUS DRAUGHTS AND IMPERFECT VENTILATION. 

The ** Encyclopaedia Britannica " has on ventilation the follow- 
ing : " An open fire-place, unless the air enters from tlie ceiling, 
often produces little or no ventilation above the level of the chim- 
ney piece, and, even then, it does not afford the best and purest 
atmosphere. The air above may be' comparatively stagnant, and of- 
fensive in the extreme from the products of combustion and respira- 
tion, while a fresh current moves along the -floor to the fire-place." 

So great is the danger from cold draughts occasioned by open fire- 
places as they are now constructed that one is said to be less liable 
to take cold standing in the open air, with the thermometer at freez- 
ing point, than sitting on such a day in a room heated by a bright 
open fire. So unequal is the distribution of heat in such a room that 
water may be frozen in one corner near the window draughts, and 
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boiled in uDother near the fire, and it bHS even been found posajblc 
to roast a goose in front of such a fire, while tlie air flowing b/ it into 
the chimney was freezing cold. 

*' I have no doubt iD myonn mind," eaid Count Rumford, " that 
thousands die in thia country every year of consumption, occasioned 
solely by this causp." 

In short, it would be difficult to point out any part of our usual do- 
mestic ediSces which would show eucb a total absence of scientilic 
principles as the construction of our fire-places and chimneys. 

The best authorities put the waste heat of our fire-places at from 
eighty to ninety-five per cent, depending upon the shape of the fire- 
place, the nature of the fuel, the amount of the draught, and the size 
and nature of the flue; but I have been unable to find any satisfactory 
records of experiments made to corroborate their statements. Those 
maile by General Morin answer mo^t nearly, but still not entirely, 
our questions. I have therefore made a number of careful experi. 
ments, the results of some of which are given in the accompanying 
tables. 

The first six experiments were made in houses built oa the new 
land on Marlborough Street, and Ihe ^ 
second series of five on the house '^ 
No. 4 Feniherlon Square. Boston. 
The grates, fire-places, and flues 
tested were of the so-called "most 
approved " modern construction, 
and calculated to utilize the great- 
est amount of beat possible without 
employing the peculiar or patented 

forms invented by Franklin, Gal-— 

ton. Winter, Ganger, Fondet, Joly, fy j 

and others, tittle known in this coun- 

try and difficult to obtain and set. The 
fire-place and grate used in the second 
series of experiments recorded in the ac- 
companying tables are represented in front 
elevation in Fig. 1, and in section in Fig. 2. 
The dotted lines show the form of the 
back only of the fire-place used In the 
first series of experiments, the sides form- 
ing an angle of 1 35 degrees with the back, 
J, to improve their reflecting power. In the 

second series the fire-place was smaller, 
■ shallower, and the sides were at right an- 
gles with the back, the upper half of which 
inclined forward as shown in Fig. 2. 
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The entire length of the flue in this case was seventy feet. Half 
way up, or thirty-five feet from the fire place, an opening was made 
in the fine lars:e enough to receive a chemist's Centigrade thermome- 
ter, and the heat was tested at this point during the experiments in 
order to ascertain the amount lost by absorption in the upper half of 
the chimney. The thermometer was surrounded by putty to render it 
air-tight When the readings were taken it was drawn out througli 
the putty far enough to see the head of the mercury column and then 
pushed back into its place. These readings were recorded by an as- 
sistant in columns 6 and 16 of the tables. 

For want of space only two of the tables are given, the others 
agreeing substantially with them, and the results being nearly the 
same. 

The anemometer used was one of Casella's most delicate instru- 
ments, lately imported from London. A careful test previously to 
making the experiments proved it to be exceedingly accurate and 
reliable. Where possible the observations were made every minute, 
but where this was impracticable the intervals were made as small as 
possible, and the figures for the intervening moments were obtained 
by calculation. The amount of wood burned in each experiment was 
exactly three kilograms.* 

From these tables it will be seen that the amount of heat dissipated 
in the open air through the mouth of the chimney from the combus- 
tion of 3 kilograms of dry pine wood is sufficient to raise the temper- 
ature of nearly 16,000 cubic meters of air 1° Centigrade, according to 
the first experiment, or 16,980 cubic meters according to the second 
experiment; giving an average of 16,488 cubic meters raised 1°. 
This is equivalent to 5,070 units of heat, or enough to raise the tem- 
perature of over 5 tons of water 1° C, or to raise 50 kilograms of 
water from freezing to boiling point. 

The greatest po.«*sible amount of heat which 3 kilograms of dry 
pine wood is capable of yielding being, according to Rumford, 3,590 
X 3 =: 10,770 units, we see that one half of the heat generated passes 
at once up through the chimney and out at its mouth. Of the re- 
mainder we shall hereafter see that about four-fifths is absorbed in 
the brickwork, and either given out from the surfaces of the outer 
walls, or carried up in the air space between the studding and the 
brickwork to the roof, whence it radiates into space. 

i In this article I shall use the metric weights and measures, hoth because the calcula- 
tions are made easier by so doing, and because these units have been adopted by mont of 
the writers on the subject whose works we have occasion to consult. 

1 kilogram or kilog. = 2.2046 or 2.2 pounds avoirdupois. 

1 meter = 8.28 feet ; 1 square meter = 10.8 square feet ; 1 cubic meter = 85 cubic feet. 

1° Centigrade = 1.8° Fahrenheit. 

1° Fahrenheit = 0.65° Centi(;rade. 

1 metric heat unit or calorie is the amount of heat required to raise 1 kilogram of water 
1° Centigrade. 

1 calorie = 8-968 English heat-units. 
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By columns 2 and 12 we see that before the fire is lighted a venti- 
lating draught of 73 meters per minute is caused by a difference of 
but 2 or 3 degrees in the temperature of the air in the chimney flue 
or house, and that of the outside air. But as this difference increases 
after the fire is lighted until it reaches 70° and 75°, as given in 
columns 4 and 14, we find the velocity of the draught rising to 285 
meters per minute. Thus we have a chimney throwing out hot air 
raised nearly to the boiling point of water at the rate of 285 meters 
or nearly 1,000 feet a minute ! Yet in some of the chimneys tested 
On the Back Bay the waste was found to be much greater, one chim- 
ney giving out heated air at the rate of over 1,600 feet per minute 
raised to about the boiling point ! What might the saving be, if all 
this heated air could be separated from the smoke, partially cooled by 
dilution with fresh cool air, and brought into the house for use 1 

Returning to our table we find by columns 6 and 16 the tempera- 
ture of the draught at the middle of the flue and, by calculation, an 
average of 885 heat units absorbed in the upper half of the chim- 
ney. 

Now we know that the heat generated by our fuel is of two kinds, 
of which one is given up to the air supporting combustion, and 
passes entirelv away with this air up chimney in combination with 
smoke and vapor : while the other, and by far the smaller part, is 
sent off from the fire in rays in all possible directions. This latter 
part may be considered an uncomhined heat, or heat combined only 
with light as distinsuished from that combined with smoke and air. 
Thus only the radiated heat of the fire is used in our rooms. The 
experiments of Peclet show that the radiating power of wood is, under 
the best possible circumstances, when the rays are all collected, only 
23 per cent., leaving 77 per cent to pass off with the air of contact. 
Therefore . 23 X 10,770 = 2,477 units radiated in the case of our 3 
kilograms of wood. 

In the average fire-place only one-third of these rays, or in our 
case 826 units, pass directly into the room, the rest falling upon the 

back, sides, or bottom of the fire- 
place, or entering the flue through 
the throat of the chimney. . 

In the fire-place represented in 
Figs. 1 and 2 (see page 3, ante) 
the back measures 2,500 sq. cm., 
the sides 500 each, the bottom 500, 
and the top 350, as per accompany- 
ing diagram, making in all 4,350 
s({. cm., against 2,500 for the open- 
ing in front, so that the rays in- 
tering the room directly amount to 
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intercepted by the grate, to about 
one third of the whole, or less than 8 per cent of the entire heat gen- 
erated by the fuel. 



The Open Fire-Place. 7 

• To this 8 per cent must be added something for the return radia- 
tion from the brickwork, because, although a large portion of the ra- 
diated heat, striking the walls of the fire-place, is carried off by con- 
tact of the cold air entering the chimftey under the influence of the 
draught, which, as we have seen, amounts to from five to fifteen hun- 
dred feet a minute, and part is absorbed by the brickwork, yet a cer- 
tain portion is returned by radiation and reflection into the room. A 
simple calculation will give us the amount accurately enough for our 
purposes. The fire-place represented in our figures being small and 
blackened with smoke on its sides as well as back, no reflected heat 
could be counted upon. Moreover the radiating power of these walls 
being inversely as their reflecting power, what we lose in reflection we 
shall gain in radiation. The surface of the back, sides, and bottom 
measures 4,000 sq. cm. According to Peclet 1 sq. meter of brickwork 
radiates 3.59 units of heat per hour for 1° C. difference of temperature 
between the radiating and the receiving surfaces. Therefore 0.4 sq. m. 
would radiate 1.44 units per hour per 1° C. The temperature of the 

TABLE II. 



Time. 


Averafte Tem- 
pcrHture of 
Back of Fire- 
place. 


Thermometer 
at 50 cm. from 
fire. 


Thermometer 
at 1 m. from 
fire. 


General 
Remarlcs. 


8.32 


/ 


190 


190 


Fire lighted. 


8.37 


_— 


W 


3i 


Full blaze. 


8.42 


^— 


64 


43 


Declined. 


8.47 


^ 


75 


4S 




8.62 


216° 


60 


41 


Fire out. 


8.68 


210 


45 


84 




4.4 


190 


86 


80 




4.10 


166 


81 


27 




4.16 


135 


80 


2^ 




4.22 


116 


27 


24 




4.28 


H»0 


26 


22.6 




4.84 


90 


24 


22 




5.84 


70 


22 


20 




6.3& 


40 


20 


20 





walls of the fire-place is shown in the second column of Table II., ther- 
mometers being placed in different parts of the back of the fire-place 
and the average temperature being taken. While the fire is burn- 
ing brightly, the radiation from the walls of the fire-place would 
be partially intercepted by the fire itself; but taking the average 
temperature of these walls during the first twenty minutes at 
220° C, and supposing that only one half the radiation of these 
walls was intercepted by the fire, fuel, grate, etc., and finding 
20° C. to be the average temperature of the objects in the room, 

we have 



220-20 

2 



= 100°. 



1J4XJ0O ^^g ^^^^ ^jj.^g^ 

During the next six minutes the average temperature per minute 
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being according to the table 210°, we have 210 — 20 = ISO^', from 
which we have, by calculating as before, 27.3 units radiated. Con- 
tinuing the calculation in this way for each portion of the time, we 
have, for the total amount of' radiation from the wails of the fire- 
place, 270 heat units. 

Of this we may assume that one half was radiated into the room 
and the other half lost, and we have 135 units (= ^^ or ^ of the 
radiated heat striking the walls of the fire-place) returned into the 
room to be added to the 826 units, or 8 per cent, of direct radiation. 
This gives 961 units, or a little less than 9 per cent of the whole heat 
generated, for our result. According to Peclet only 6 per cent is 
realized instead of this 9 per cent. 

As for reflected heat, under certain circumstances a small amount 
may be added to the above results when the sides of the fire-place 
are kept white, or are tiled and of the proper inclination for reflect- 
ing the rays. Inasmuch, however, as the radiation diminishes as 
the reflection increases, this may here be neglected. 

Dnclot's experiments show that the radiation from heated bodies 
is much greater in proportion at very high temperatures than at 
moderate temperatures. But we have not added anything to our 
figures for this, because we consider it more than balanced by losses 
in other ways, such as that due to imperfect combustion of the fuel, 
for which we have also made no account. It is estimated that with 
the ordinary fire-place, about one eighth of the fuel is wasted in un- 
consumed smoke. 

Our 9 per cent so far found must, however, again be modified, 
in consideration of the heat taken from the room by the cold air en- 
terinor the doors and windows under the influence of the draught. 

In our case we have by Table I. an average of 833 cubic meters of 
air, which must have passed through the room and into the fire-place 
from the outside. The average temperature of the room and objects 
contained in it havinsy been raised one degree by the combustion of 
our three kilograms of wood (the doors and windows having been kept 
closed during the experiment), we have 833 X 1 X !• 29 X '24=: 
258 units, or ^|| =: about \ of the whole. Deducting 258 from 961 
we have 703 units, or only 6 per cent of the heat generated by the 
fuel, for the total amount of heat which can possibly be utilized from 
wood fires under the best conditions and most perfect form of ordi- 
nary fire-place, to say nothing of the fact that where the rooms are 
fjrovided with the so-called ventilators near the ceiling, even this 
ittle heat is carried oif almost as fast as it is formed ! 

Deducting from the 10,770 units generated by the fuel the 703 
units utilized by radiation and the 5,070 units escaping through the 
chimney mouth into the atmosphere, together with the eighth lost in 
unconsumed smoke, capable of generating 1,340 units, we have 3,660 
units for the amount absorbed in the brickwork. Of this nearly 
1,000 units were absorbed in the upper half. The remaining 2,660 
must have been taken up by the lower half. In these experiments, 
however, the flues were cold at the outset and the absorption on the 
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part of the masonry was at its maximum. In winter, when the 
flues are kept constantly heated, but little is absorbed by the brick- 
work, its power of absorption being limited by the low conducting 
power of the material, and the amount lost at the top of the chimney 
is correspondingly greater. 

With coal fires more of the heat of combustion is utilized. Suppos- 
ing that, under the best of circumstances and with coal having the 
greatest radiating power, we adopt the fijjure of Peclet of 50 per cent 
for the radiating power, we have, as before, .50 X J + (| X ^)-50 
= .24. From this 24 per cent deduct, as before, one quarter for 
the amount returned up chimney by the draught, and we have 18 
per cent for the total amount utilized, under the best possible circum- 
stances with the best possible fuel. According to Peclet only 1 2 per 
cent instead of 18 percent is realized from a coal fire. 

RESULTS OF EXPERIMENTS. 

Our experiments present the following curious results : — 

1. Our three kilograms, or 6^ pounds, of wood served to raise the 
average temperature of our room less than one degree Centigrade, 
althouurh the heat generated by the wood was sufficient to raise the 
temperature of 14 rooms of equal size from freezing to 68° Fahren- 
heit. (The room measured 20 X 20 X 10 feet.) 

2. While our fire-place was only sufficient, with three kilograms of 
dry wood, to maintain the temperature of the room at 1° C. (suppos- 
ing the outside air stood at 0° C.) for a few minutes, the heat actu- 
ally generated was sufficient to maintain the temperature at a little 
below 20° C, or 68° F., and to pass fresh air, raised from freezing to 
68° F., through the room for ventilating purposes at the rate of one 
<:ubic metre a minute for two days of twelve hours each 1 

3. Supposing again that the outside air stood at the freezing point, 
we shall see by consulting the third column of Table II. that a person 
or object standing 50 cms. distant from the fire would have been 
heated by radiation up to 75° — 20° = 55° C, or 131° F., while the 
air flowing by him into the fire would have stood scarcely a degree 
above the freezing point. At this distance three men would intercept 
nearly all the heat of the fuel, and all other parts of the room would 
fall to the freezing point. This radiated heat itself would last at 55° 
only about five minutes, when it would fall 15°, after which it would 
continue to fall as shown in the table. 

At a distance of one meter, a person would be warmed only to 48 ° 
— 20° = 28° C, and six men would appropriate the greater portion 
of the heat of the fire, which would last, say, five minutes, and then 
fall 9°. At a distance of two meters a person would be warmed 
(according to another experiment not here recorded) only 7° C, and 
at a distance of four meters only about 2° C. But if he happened 
to stand anywhere in the room sheltered from the direct radiation of 
the fire, he would enjoy a temperature scarcely half a degree above 
the freezing point of water. 
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4. According to our table three kilograms of dry wood cut small 
served to give a bright fire only ten minutes, and burned out entirely 
in twenty minutes. To keep a bright fire burning, as in this experi- 
ment, or, as is done in many houses in cold weather, for a day of 
twelve hours, would therefore require 144 kilograms of wood, which 
according to Rumford are capable of producing 3590X144 = 
516,960, .or over a half million units of heat, which, if all were 
utilized in the proper manner, would be enough to keep the tempera- 
ture of the room up to 68° F. in freezing weather for about thirty 
days of twelve hours each, equal to one month in midwinter, and 
give a change of pure air equal to one cubic meter a minute, heated, 
say, up to 60° F., for ventilation, during the whole time, it being sup- 
posed that the adjoining rooms and those above and below were in- 
habited and maintained at the same temperature, that the outside 
wall was double as well as the window, and that the door and 
window fitted well and were kept closed. 

6; Finally, to raise the temperature of the room in which our ex- 
periment was made up to 68° F. and maintain it at this temperature 
during a single day of twelve hours, would (even supposing the 
entrance of cold air were prevented in some way from increasing 
with the increased heat of the fire) require 20 X 144 = 2880 kilogs. 
of wood, or sufficient, if all were utilized, to maintain the room at 
the same temperature and add to it a ventilation of one cubic meter 
of fresh air per minute raised to 60° F. for twenty months of freez- 
ing weather, or, allowing three months of such weather per year, it 
would accomplish the heating and ventilation of the room for over 
six years ! 

THE IDEAL FIRE-PLACE. 

What now would be the action of a fire-place and flues ideally 
perfect ? 

Ideal perfection would imply : — 

1 . That all the heat generated by the combustion of the fuel be 
utilized in heating and ventilating the house, and that the combustion 
of the fuel be complete. 

2. That the supply of fresh air introduced into the house to take the 
place of the foul air removed be guaranteed perfectly pure ; warmed 
in winter to a temperature somewhat below that of the room ; moist- 
ened enough to give it its proper hygrometric condition ; abundant 
enough to supply amply the fire and the occupants ; so distributed 
and located at its entrance as to cause no perceptible draught at any 
point ; the gentle air current so directed that it should reach every 
part of the room ; so steady that no part of it should pass over the 
same spot twice or be twice breathed by the occupants ; and so regu- 
lated by simple valves as to be under perfect control. 

3. That the flues include a special gas ventilator so arranged that 
all the heat generated by the combustion of the gas should be re- 
tained in the room and utilized, while the injurious products of com- 
bustion should be carried off. 
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4. That a complete ventilation of the rooms be efleetedy both in 
summer and in winter, without opening doors or windows. 

5. That the chimney never smoke. 

6. That the construction of the fire-place and flues be simple, 
durable, inexpensive, safe, and unobjectionable in appearance. 

The open fire-place as ordinarily constructed, so much overesti- 
mated as a ventilator, satisfies the requirements above enumerated 
to the following extent : — 

1. Only frori five to fifteen per cent of the heat generated by the 
fuel is utilizbct in heating and ventilating the house. It must be 
borne in mind that that is not ventilation which provides only for 
the outlet of the air and ignores the inlet, and that a hundredth part 
of the heat of the fuel would be ample to abstract the bad air far 
more efficiently, if properly applied, than is done by the eighty-five 
or ninety-five per cent now used. 

2. The air introduced to take the place of the foul air removed is 
not guaranteed pure, but its purity or impurity is left entirely to 
chance. If the windows are tight, the fire draught will be supplied 
from the halls, neighboring chambers, or even water-closets and 
toilet rooms, or, in other words, from soil and drain pipes, bringing 
poisonous gases and perhaps disease into the house ; or, if disease be 
already there, distributing the noxious air from the sick-chamber into 
other parts of the house. 

If the windows are not tight, the air entering will be too cold in 
winter, too hot in summer, and always loaded with whatever dust, 
dampness, or impurity may happen to be in the outer air, to the det- 
riment of the lunirs as well as of the furniture of the inmates. 

Or, finally, if both doors and windows are closed and tight, as may 
sometimes happen with careful carpentry, and especially at night in 
bed-rooms, either the air must come in through the chimney itself, 
causing the fire to smoke, or else no air is admitted, and suffocation 
is the result. 

The history of ventilation furnishes numerous sad cases of such 
suffocation, cases where the smouldering fire and the sleeper, ren- 
dered insensible by smoke or gas, have evidently long struggled for 
life before either or both succumbed to the want of air. 

We may add here that even when the supply of air chances to be 
pure enough, and abundant enough, and warm and moist enough, 
and otherwise satisfactory in its quality, it is still unable to ventilate 
the apartment properly because it is drawn directly up the chimney 
before it has had time to receive the necessary amount 'of heat to 
cause it to rise to the level of the heads of the occupants; while the 
impure air formed above the level of the mantel, and heated by the 
lungs and by the gas burners, rises to remain a long time in the 
room and be breathed over and over again. Or, if special openings 
are provided above to carry off this upper stratum, what little pure 
air warmed by contact with the walls, heated by radiation, manages 
to rise above the mantel, is, as before said, carried off with the im- 
pure air almost as fast as it is formed. Thus it often happens with 
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large fire-places and flues that the cold air enters faster than the 
warm air is produced, so that the more the fuel is piled on and the 
fiercer the fire the more powerful hecome the freezing draughts and 
the lower the temperature of the room. 

3. The gas burners are seldom properly ventilated and sometimes 
not at all. Breathing foul air is as injurious as drinking foul water, 
yet, while we would shrink with disgust from the idea of drinking 
water into which the drainage from our houses was known to fiow, 
we allow our gas burners to pour forth a continual stream of carbonic 
acid and other poisonous gases into our small reservoirs of breathing 
air, already sufficiently polluted by the exhalations from our bodies 
and lungs, without giving the matter a passing thought. 

4. Complete ventilation in summer as well as in winter is, under 
the average construction, impossible without opening doors or win- 
dows. 

5. The chimney often smokes. 

6. In one respect our fire-places and fines appear to approach the 
ideal, and that is in their simplicity, but is it not the simplicity of 
ignorance rather than that of science ? 

In order to be able to judge as to how far we may expect to ap- 
proach our ideal, it will be necessary first to familiarize ourselves 
with some of the most important devices already tried or recom- 
mended by those who have given the subject most attention, and to 
study the causes which have thus far rendered their adoption so 
limited. 

Many of these devices appear so excellent that it is hard to under- 
stand why they were not seized upon at once. But we must bear in 
mind that the majority of the public are aware neither of the waste 
of fuel they actually experience, nor of the importance of good ven- 
tilation. The style and color of the grate and mantel are of more 
importance than the construction of flues and all parts which arc 
out of sight. That the pattern and color should be in accordance 
with the latest fashion is more important than either ; and to expect 
fashion to vield to mere sanitary considerations would bespeak 
ignorance of one of the most marked peculiarities of human nature. 

Then too we know how prone every Yankee builder is to avail 
himself of his liberty " to follow his own nose by way of a guide-post 
in the matter of a little science,'* and how loath he is to leave the 
beaten track. 

The.oe considerations, and the fact that many reject on principle 
all novelties, on account of the difficulty of distinguishing the good 
from the bad, are sufficient to render any persistent effort to improve 
our time-honored forms of buildin<; construction most onerous and 
discouraging, and it would be folly to expect even the most evident 
improvement, in a matter of this kind, to meet with anything more 
than a slow and partial recognition. 
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CHAPTER IL 

HISTOBICAL. 

It is remarkable that, while the open fire-place was one of the 
earliest contrivances invented to contribute to the health and comfort 
of man, the upright flue for carrying off the injurious products of 
combustion should have remained one of the latest. 

It is true that the principle of the modern chimney was probably 
understood long before the practice of constructing it became gen- 
eral, but it was so rare an object, even in the sixteenth century, as to 
have excited the surprise of Leland, who, speaking of Bolton Castle 
in his " Domestic Architecture." thus expressed himself: " One thynge 
I muche notyd in the hawle of Bolton, how chimeneys were conveyed 
by tunnells made on the syds of the walls betwyxt the lights in the 
hawle, and by this means, and by no covers, is the smoke of the 
barthe in the hawle wonder strangely conveyed." 

According to Peclet, chimneys appear to have been unknown to 
writers of the early part of the fourteenth century.^ But, once in- 
troduced, their merits appear to have been rapidly appreciated, since 
we find it stated that in the reign of Queen Elizabeth, apologies 
were made to visitors if they could not be accommodated with rooms 

Erovided with chimneys, and ladies were frequently sent out to other 
ouses where they could have the enjoyment of this luxury. 
Thus the general use of the chimney is quite recent, and it was 
not until the time of Savot, Franklin, and Ganger, that we have 
record of any serious attempts to combine the cheerfulness of an 
open fire-place with the economy of an enclosed stove. 

The science of the proper ventilation of buildings is still more 
recent. " Till the discoveries of modern science,** says Dr. Reid, 
*' revealed the nature and composition of atmospheric air, and the 
reciprocal action that ensues between it and the blood, the architect 
was, in respect to this question, like a traveller without a guide, and 
had no distinct appreciation of the position in which man is placed 
in respect to the atmospheric ocean in which he lives." Even where 
these facts are understood by scientific men, the great mass of the 
people still remain in ignorance of them, and the rough treatment to 

1 " L'^poqae i laquelle II fitut placer rorisine des chemin^es est asses Incertaine ; lea 
aatean du commencement da qoatoni^me siecle semblent ne les pas connaitre. La date 
a plus ancienne, et en mSme temps la plus certaine oil il ait m question des chemin^es, 
1st rann^ 1S47." 
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which our lungs are subjected in tlie form of draughts, poisoning by 
vitiated air, and sudden changes of temperature, often inducing fatal 
diseases of the organs of respiration, — diseases which might be pre- 
vented if the elements of physics and hygiene were more generally 
taught, — shows bov little the value of pure air is appreciated by 
the public. This want of knowledge and appreciation of the sub- 
ject explains in a measure why the progress of improvement is so 
slow. The time has been too short to make men believe that an 



atmosphere apparently pure and transparent, as well as agreeable to 
the senses, may be Riled with the most subtle poison. A hundred 
years is insufficient to work a revolution in the habits and prejudices 
of men for the sake of a thing which they can neither see, smell, feel, 
hear, nor understand. 

What progress has been made will he seeu from the following 
historical sketch. 



The Opet 



BAIILIEST FORMS C 



In the earliest ages the thimney consisted of the entire house, the 
fire being built in the tniildic of the building or hut, and the smoke 
escaping from the roof, an is shown in Fig. 4. Barbarous a " 



t may_ seem, it nevertheless lias certain advantages 
Bnouiu noc io?e sight of in making our improvements. The heat ot 
the fire is utilized lo a far greater extent than is the ca<e with that 
burning under our mwlerD chimney. All the radiated heat is ob- 
tained and a large part of the heat of contact of air. As a ven- 
tilator it is superior lo our modem apparatus, since no impure air can 
remain for a momtnt in the room, and the cold draughts entering are 
not drawn to a single Fpot limited by the height and size of the man- 
tel, aa with us, and being, therefore, less concentrated, are less dan- 

In its manner of disposing of the smoke it is, of course, inferior, 
not withstanding the Blatement of the oivner of the hunter's cabin 



represenletl in the accomfianyin^ sketch, that the smoke never 
troubled him in the most unfavorable weather. 

Acentral flue constructe<l of sticks smeared on the inside with mud 
or clay, and descending from the opening in the roof to within a safe 
distance of the fire below would improve the draught and prevent the 
smoke from blackening the root, though at the expense of some of 
the heat. 

The next step made lo improve the draujiht by means of a flue ts 
described by Viollet-le-nuc, in liis " Habitations of Man," Fig. 6. 
But the description must have been purely imaginary, as no evidence 
exists of the use of such Hues at the early age indicated by the writer. 
The fire was in this case supposed to l>e built against the wall of the 
house. Thus a lai^ part of the radiated heat of the fire was cut off 
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PLATES. 
YII.-XIII. 



PLATE VII. 

Bed-chamber in a chateau of the fifteenth century. The chimney 
breast is overloaded with sculpture, as is also the furniture, and the 
entire finish of the room/ characteristic of the Gothic style in its 
decadence. From Viollet-le-Duc*s *' Dictionnaire du Mobilier Fran- 
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PLATE VIII. 

Stone fire-place in the Hotel de Ville of Lyons, France. Seven- 
teenth century. From E. Rouyer, '* L'Art Architectural en France.*' 



PLATE IX. 

Fire-place in the style of the French Renaissance. Built in 1567, 
From VA rt pour Tons, 



PLATE X. 

Fire-place in the Persian drawing-room of the house of M. le 
Comte Branicki, Paris. J'rom the Encyclopedie d^ Architecture» 



PLATE XI. 

Wooden, fire-place in the , bed-chamber of Louis XIII., king of 
France, in the Chateau of Cheverny (near Blois, France). The 
picture over the mantel represents a scene in the history of Perseus. 
Conducted by Minerva, he petrifies his enemies by showing them the 
head of Medusa. The small tablet on the facing is made of mosaic 
on a gold ground. It represents children playing with the head of 
Medusa. Other scenes in the life of Perseus and Andromeda are 
painted on the ceiling and over the doors. The walls are covered 
with magnificent tapestry, of which a part is shown at the right and 
left of the mantel. From ** L'Art Architectural en France," Vol.1. 
By E. Rouet. 



PLATE XII. 

Dining-room fire-place designed by Mr. Escalier, architect, Paris. 
From Lp Moniteur des Architectes for June, 1880. 



PLATE XIII. 

Fire-place in a bed-chamber in the Chateau de Tanlay, France. 
From Sauvageot, " Palais et Chateaux de France." 



PLATE XIII. 
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n the proportion o£ 



and no corresponding change was made ti 
heat thereby lost. 

Gradually, for the purpose of avoiding lateral <: 
Jamba were built on eaoh side of the lire, to direct the air upon (he 
fuel, and the chimney flue was brought down to within a. few feet of 
the fire. By this step another large portion of the radiant heat was 
lost, and the whole of the heat of contact of air, without an effort to 
obtain a corresponding compensation. 



BRAZIBRS A 

In milder climates we find the portable branier without any pro- 
Tision whatever for the outlet of the smoke. This system of healing 
was generally employed by the Greeks and Romans. It is still usea 
in Spain, Italy, Afoeria, and other warm countries. 
The braziers of the Greeks and Romans formed i 
elegant pieces of furniture, often beautifully 
sculptured, as in Figs. 7 and 8, The Spanish 
portable brazier, Fig. 9, in which charcoal is 
burned, ia rolled from room to room, warming 
each in succession. By this system the entire 
heat of the fuel is realized, but, on the other hand, 
the products of combustion, always dis^reeable 
to the occupants, and highly injurious to the paint- 
ings and furniture, are extremely dangerous for 
the health. 

The combustion of one kilogram of coal, for 
instance, converts into carbonic acid all the oxy- 
gen contained in nine cubic meters (or yards) of 
air. This, according to Peclet, renders twenty- 
seven cubic kilograms of air unfit to breathe, so 
that the air of our room 20 X 20 X 10 feet, or 
of about one hundred and ten cubic meters ca- 
pacity, deducting furniture, would be rendered '^''' '■ FromJoiy. 
irrespirable and would suffocate the persona 
attempting to breathe it, by the combustion of 
about four kilograms of coal. It is true that 
the heat generated by this quantity of fuel 
burned in the middle of a closed chamber, 
without ebimney or other opening, would soon 
be so excessive as to require the opening of the 
windows. The four kilograms would raise the 




grees Fahrenheit, which would be nearly hot 
enough to melt brass. (In Ihu equation, 7000 
represents the heating power of coal in units ; 
1.3 the weight of 1 m. c. of sir at 0° C. ; and 
rig. o. i-fomjoiy. 02377 tbe specific heat of Mr.) 
The real danger resulls from the production of carbonic oxide. 
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which give.4 much less beat. It is caluuUted that a hundrelh part of 
thi» f,as in the »ir is suifiuiunt to kill warm- blooded animaU. Hence 
the danger of using charcoal for fut'l as in the Spanish brazier, the 
products of combustion being largely carbonic oxide. A remarka- 
ble instance of death by charcoal fumes is given by the suicide of 
the son of the celebrated chemist BerthoUet. He left us a vivid 
account of his own destruction by asphyxia in an air-light chamber. 
Locking the door oE the room and closing up ail the cracks which might 
J admit fresh air, he prepared a ehar- 

3 coal lire on a brazier, seated himself 
U at a table with writing materials and 

4 a seconds marking- watch, marked the 
I precise hour and then lighted the char- 
[ coal on the brazier before him. With 
■j\ all the method and precision of a scien- 
ry tific experiment, he recorded the vari- 
ous sensations he experienced, detail- 
Pi J ~ ing the approach and rapid progress of 

delirium, and as suffocation began the 
language became more and more contused, the writing larger and 
more iflegible, until the writer fell di^ad upon the floor. 

In colder climates, where greater heating power is necessary, the 
brazier is of course insufficient. In the frigid zones, however, where 
wood and coal cannot be obtained, the brazier reappears in the form 
of the smoky lamp of the Laplander and Esquimau, Here economy 
approaches its maximum, the heating, lighting, and ventilation being 
effected by one and the same inexpensive agent, namely, putrid oil, 
burned under a hole in the roof of the hut. "The Greenlander," 
says Tomlinson, "builds a larger hut and contrives it better, but it 
is often occupied by half a dozen faniilies, each having a lamp for 
warmth and cooking, and tlie effect of this arrangement, according 
to the remark of a traveller, > is to create such a smell that it strikes 
one not accustomed to 
great economy, howevi 
stunted growtli of the natives. 

Finally, the last degree of economy in warming, if we can call 
that economy which saves fuel at the expense of health, is reached 
by the lace makers of Normandy, who work warmed by the natural 
fires burning in the bodies of their domestic animals. They rent the 
close sheds of the farmers who have cows in winter quarters. " The 
cows are tethered in a row on one side of the shed, and the lace 
makers sit cross-legged on the ground on the other side, with their 
feet buried in straw. The cattle being out in the fields by day, the 
poor women work all night for the sa^e of the steaming warmth 
arising from the animals." ' 

We wonder at the backwardness of the civilized Greek and Ro- 
man in the use of their tripods, smile at the Spaniard with his bar- 
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barouB rolling brazier, pity the Esquimau irith his feeble and smoky 
lamp, and sympathize with the wretched lace makers of Normandy 
in their close and sickly atmosphere, yet all tlio time forf^t tliat we 
ourselves allow the air of our rooms to be impoverished in the very 
same manner, and often to an even greater extent, by the noxious 
vapors pouring from our unventilated gas burners. 



The idea of building the lire-place against the aide wall probably 
originated in England in the eleventh century, at the time of the 
Norman Conquest. Previously the chimney consisted merely of a, 
hole in the roof, with a small wooden tower above to carry up the 
smoke. At the time of the Conquest, fortresses were constructed 
and the roofs used for defence, so that the central opening for smoke 
was rendered impossible. The fire-place was removed to an out- 
side wall and an opening made in this wall above the fire for the 
passage of the smoke, as in Fi^. 10. The oblique opening in the 
wall gave place soon after the Conquest to the ordinary chiamey- 



Ghimn.y. Fiom L.- Rgl. (I and 12, Fire-Plie* in Coniiboiough Cm1I«. 

flue. Figs. 11 and 12 represent the iire-place and flue in the great 
guard room of Conisborough Castle, erected in or near the Anglo- 
Saxon period. 

This form of flue naturally led to the ordinary chimney as it is now 
constructed. The fire-places and flues were at first very large. In 
France a royal edict, as late as 1712 and 1723, fixed the size of the 
flue at three feet wide and deep enough to admit the chimney-sweep. 
In this country we have seen old-fashioned fire-places eight feet long 
and three feet deep. These caused such a draught that screens were 
necessary in the room to protect the inmates from powerful currents 
of cold air, but, although the waste of heat was enormous, on account 
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of the cooling effect of these strong draughts of outside nir, it waa 
nevertlieless mudi less id proportion to the fuel burned than is the 
case with the smaller modern fire-plftce. Provided usuallj with a 
large hood projecting boldly into the room, and placed at a consid- 
erable height, sometimes six or eight feet, above the hearth, Figs. 13 
and 14, they radi- 
ated the heat gener- 
ously into the room, 
and, although they 
did not pretend, any 
more than do our 
modern fire - places, 
to heat the air of the 
apartment, they at 
least sufficed to warm 
amply the peraoua 
grouped around them 
or seated on the hos- 
pitable benches built 
upon the liearth it- 
self. 

As for smoke, it 
Is undeniable that 
where but a small 
lire is required, an is 
usual in our smaller 
modern rooms, and 
ihe fire - place and 
Hues are lac^e, the 

greatly cooled by the 
iold air entering 
above the fire, and 
the rapidity of the 
draught is propor- 
tionally diminished. 

Fi Fir PI B f th. Four*, nth Csnlur From '' '* COUrse there- 

'* '" '^' vioiiii-ie^Du"" *" "''' ' "" ''y rendered less ca- 

pable of resisting 
any impediments to its passage which may be offered in the form of 
detective construction of the flue or imperfect ventilation of the apart- 
ment. But where the flue was perfect, and where sufficient air was 
brought into the room to supply the place of that drawn up the 
chimney, and where the hooil projected well over the fire, a smoky 
chimney was found to be a rare occurrence, even with the largest 
fire-places and witli the smallest fires. 

It is the custom when one of these ample fire-placea, built after the 
old-fashioned style, is found to smoke, to lay the blame to the size 
of the opening and flue, although nine times out of ten the real fault 
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will be found to be in an insafficient ventilation oF the apartment, or 
in a careless or irregular construction of the flue. Hebrard, in Ilia 
" Caminologie," wrote in 1756 as follows : " It is surprising that we 
should allow these old chimneys to be changed in order to follow the 
fashion of (he day, without taking the pains to examine whether the 



udlity is as great as the novelty. It appears that it is not. It has 
been observed, on the contrary, that of the few old chimneys which 
have escaped remodelling, there is scarcely one which smokes. Old 
men testify to the same effect in regard to those which existed in 
their time, while we have no hesitation in saying of the majority of 
our new chimneys that they do smoke." 

The cause of this change was the suppression of the hood which 
bad been built and recommended as of the utmost importance by 
Albert!, Philibert Delorme, and others. The hood was dropped partly 
because it was thought to interfere with the decoration of the apart- 
ment and partly on account of the desire for novelty. Fi^s. 15 and 
16. Unfortunately this modification involved a second which had a 
still more injurious effect upon the heating power of tlie fire. The 
smoke, being no longer properly conducted to the flue, would under 
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adverse circumstances enter the room, and the device o£ lowering 
the mnntel iras adopted to obviate the iliihcult}'. This was done at 
first b; adding a simple band of leather or of some other material 
below the nianlel shelf, then by movable registers or blowers ot 
metal, and finall)' by lowering the mantel and shelf itself, which 
modification in the eourse of the eighteenth century brought the 
fire-place down to the form coraroonly met wiih in our day ; a form 
which, objects Labarthe, " nlilizes neither the radiiint nor the trans- 



mitted heat." Still another reason was given for the lowering of the 
mantel. It was urged by Serlio and Savot that this new disposition 
had only been introduced to protect the eyes from the heat of the 
fire. It was, however, argued with all apparent reason, by Hebrard, 
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that the object sought could not in the least degree be obtained bj 
thie means, since it would be necessary for the purpose to give up 
chairs and warm one's self standing up. 



I shall endeavor to show in the next chapter in what way these 
lai^e, old-fashioned chimneys may be constructed, either with or 
without the hood, so as to render the draught, in all cases, both 
ample and unfailing. 

The hearth in the middle of the hall still existed as late as the 
fourteenth century as a general custom. The great li^s were simply 
piled on andirons, and the smoke escaped through the louvre on the 
roof. Major J. S. Campion, an English traveller, gives tlie following 
description of a Spanish kitchen fire-place, showing that this rude 
form even now exists : " Almost in the middle of the room was a 
rough hearth, about four feet square and a foot high, and composed 
of tiles, flat stones, pieces of iron, — anything that would not consume. 
In its centre burned a fire of three slicks laid star fashion, with a 
blazing brushwood heaped on them. A large wooden hood supported 
by massive rafters caught and conducted such portion of (he smoke 
as ilid not circulate atK>ut the room to a hole in the roof furnirbed 
with a rough louvre, through which it escsped ; and from a cross iron 
of the hood hung a stout chain, terminating in a hook, by which was 
suspended a large pot full of potatoes slowly simmering." Wood 
was the ordinary fuel till the seventeenth century, and this was burnt 
on the capacious hearth, resting on the two standards or andirons, a 
name which may have come from the Anglo-Saxon brand-tsen or 
brand-iron, or from the words hand or end iron. For the large 
kitchen fire, the standards were strong and massive but quite plain. 
" In the hall, that ancient seat of hospitality," says Tomlinson, " they 
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were also strong and massive, Co support the weight of the huge log^; 
but the itandarua were kept bright, or ornamentud with brass rings, 
knohs, rosettes, heada and feet of animale, and carious grotesque 
forms. In the kilehen and in the rooms of common houses the 
standards were of iron, but in the halls of copper, hraas, or even sil- 



rURTHBK DEVELOPMENT 

In its primitive form it consisted of a simple niciie cut in^the 
thickness of Che wall, the sides terminating in small piers support- 
ing the massive hood as shown in perspective view by Fig. 17, from 
Vio)Iet-le-Duc. The oldest fire-places of the Middle Ages were 



often circular in plan, the bat-k of the fire-place formins one sej^ 
mcnt of the circle, and the mantel and hood the other. Those sup- 
posed to be of the twelfth century were not so large as those of a 
century later, and the mantel was apt to be farmed of a single piece 
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or of two pieces oE material, as in that of the Cathedral of Puy en 
Velavi Bliown above, or in that of the private house in the old town 
of Cluny, France, represented in Fig. 18. Here tte hood ie 
aupportea by a single curved timber. In this example the entire 
thickness of the wall ia used, the back of the fire-plaee being on a 



Fig' SO' Kitchin Fira-PlicB of Grtnlto. From Viol l<l-l>- Due. 

line with the outside of the wall, to that the masonry of the chimney 
«hows in projection on the exterior. The hood is elliptical and re- 
solves itself, as it ascends, into a circular flue, On the right and 
left are little shelves for lamps, corresponding to our modern gas- 
burners on the chimney breast. The low windows near the fire- 
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place enabled the occupants to see what was going on in the street 
while tliey sat hy the fire. 

(r Fig. 19 represents the old flre-place in Eoslin Castle, of colossal 
dimensions and extreme simplicity ot design. Jn these great fire- 
places huge trunks of trees six or eight feet long were sometimes 



burned. Seats were placed on and about the hearth, and the screenB 
and jambs of the fire-place formed together a complete antechamber 
as it were, apart from the large halls In which they were built, and 
here the family united to pass the long winter evenings and listen to 
the famous legends of olden times. 
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After the thirteenth century the kitchen, forming part of the main 
house, and no longer a. separate establishment in which whole sheep 
and oxen were cooked at one time, was furnished with one or more 
of these massive fire-placesi of which Fig. 20 furnishes a beautiful 
example. It belonged to the Abbey Blanche de Mortaln, was built - 
of granite, and stjlf bears the arms of the abbey and the triple pot- 
hanger with the iron plate beliind ihc fuel. 

Here we have no piers at all, the hood resting on heavy corbels of 



granite, and the lire-place is built as usual in the thickness of the 

Up to the fourteenth century the fire-places of private houses and 
chateaux were generally of great simplicity, and it was only later that 
we see any attempt at decoration. 

Eigs. 21 and 22 represent two fire-places of the fifteenth century, 
with iambs of stone and hoods of wood plastered and curiously dec- 
orated. They are in the little town ot Saint Antonin (Tarn-et- 
Garonne). 
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Fig. 23 gives a section of the first fire-pli 

tion of the bood, wliich stands 1.77 meters 

(about 5 feet 9 inches) above the hearth. 

Fig. 24 gives a detail of a lower corner of 

the framework. Thehood, being plastered 

and having therefore the appearance of 

stonework, seemed to the eye too heavy to 

he self-sustaining. The artist has therefore 

taken the pains to carve upon the surface 

heavy cables, in the hopes of being ahle 

thereby to. diminish in a measure this dis- 
agreeable effect of weakness. 

s more profusely 
added as well as 

man-power on the right and left, to assist 

the cable in supporting the heavy hood- 
Fig. 2S represents one of the richly acnlp- 

tared fire-places in tlie Chateau <l'Amay- 

le-Duc, of tlie sixteenth century. It is 2.50 

meters long by nearly 2 meters high, and 

stands in a room 4.20 meters high. 

Chapter III. contains a figure ai thegreat [ 

fire-place in the Council Chamber of Cour- 

tray, built in the Elizabethan style. Al- 
though decorated with the finest sculpture, 

it has nevertheless a bold and massive as 

well as a highly picturesque effect, and 

must he considered as one of the most 

beautiful examples of its style and period. 
The fire-pkcea thus far descriijed have 

not exceeded eight or ten feet in width. 

When very large halts or saloons in palaces 

or public buildings were to be heated they 

sometimes measured thirty or forty feet, F'»- '■■■ ■ ■•' i.i...-.--w — 

and were decorated in a most sumptu- 
ous manner. In this case, however, 
it was necessary to support the man- 
tel by intermediate piers, as shown 
in Fig. 26. When these piers ex- 
tended from the front to the back 
they formed, under a single mantel, 
separate fire-places, each having a 
distinct flue of its own, as shown in 
Figs. 27 and 28, the former being 

ifrom the Chfiteau de Coucy, France, 
and the latter from the Grand Hall 
of the Falais des Comtes of Poitiers. 
The subdivision of the opening and 
flue into several parts had other ob- 
Fj. S4. Ftsm vioi«. »-Duc. jgcts besides that of properly sup- 
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porting the mantel. The ties or withes strengthened the walls, and 
the draught of each was materially improveil by having its own smaU, 
independent flue. When the fire was first lighted, or when less than 
the ordinary amount of the heat was required, it was possible to con- 
fine the fire to a single section. By this arrangement each part, 



besides havin|T sufficient drauglit of itself, served also to beat and 
improve that of the rest. 

The fire-place represented by Pig. 2S was built in the fifteenth 
century, ana occupies one end of the hall in which it stands. " It 
is," says Viol let- le-Duc, "no lees than 10 meters long and 2. SO 

meters (7 feet) high under tlie mantel In the interior of the 

nublic buildings as well as in the exterior, the Middle Age under- 
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stood how to proJuce impoaing effecta of architecture, which make 
the treatment even of our moat important modern buildings Beam 
weak and insignificant by eomparieon. 

" When the counts of Poitiers, in their grand robes of state, sat 
enthroned in this haJl, surrounded by their officers; when behind the 
feudal court blazed tlie lliree fires on their three hearthsi and when, 
to complete the picture, the assistants were sealed on benches before 
the gorgeous windows above the mantel, one can imagine the respect 
that a scene of such nobility and grandeur ought to have inspired 
in the minds of the vassals aiisembled around the court of their lord. 



Certainly one should feel himself triply in the right to be able to 
fend his cause before a tribunal so nobly seated and surrounded." 



THB DRAUGHT A 
FUEl.. 
Interesting and beautiful as were these immense fire-places of the 
Middle Ages, they were, as tlien constructed, open to the objection of 
being too expcnBiTe for ordinary use, both in first cost and in their 
large consumption of fuel. For the majority of our modern rooms 
they would be altogether out of proportion in size, and about as much 
in place as would be a smeltlrig furnace for a domectic oven, or the 
grand portal of a cathedral for Ihe entrance of an ordinary dwelling. 
Their capacious throats engulfed huge quantitiee of air from the 
room, — much more than was neceseay to support the combustion of 
the fuel,' — and, as this air could not conveniently be allowed them, 



PLATES 
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PLATE XIV. 
Fire-place in the castle of Heidelberg. 
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PLATE XV. 

Fire-place of the " Salle des Gardes," at the Chftteau de Corma- 
tin. Seventeenth century, Louis XIII. From UArt pour Tons 
for 1867, 1868. 
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PLATE XVI. 

Stone fire-place at the Museum of the Hotel de Cluny, Paris. 
French Renaissance. The fire-place formerly stood in a house built 
at Troves in the sixteenth century, and was brought to Paris soon 
after the foundation of the Museum. From VArt pour Tons for 
1869, 1870. 
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PLATE XVII. 

Stone fire-place in a house ^at Sarlat, France. The sculpture 
above the mantel is life-size. From E. Rouyer, ** L'Art Architect- 
ural en France.'* 
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PLATE XVIII. 

Fire-place in the " Salle des Gardes," in the " Hotel de Alluyer," 
at Blois, France. House of the Minister Robertet, of Louis XII. 
and Fran9ois I. It is built of stone, measures 3™. 68 in height and 
8™. 24 in width. The arms of Robertet are sculptured over the 
piers. The main panel is surrounded by a moulding which contains 
the knotted cordeli^re of Anne de Bretagne. The field of the panel 
is decorated with the losanges alternatively of France and Bretagne. 
The shield of France is surmounted by the crown, and surrounded 
by the collar of the Order of St. Michel. The birds in the curved 
cornice are sculptured with the arms of Michelle Saillard, wife of 
Robertet. From Rouyer, '* L'Art Architectural en France." 
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PLATE XIX. 



Fire-place in the chamber of the Archbishop, Chateau de Tanlay, 
France. From Sauvageot, " Palais et Ch&teaux de France." 



PLATE XrX. 



PLATE XX. 

Stone fire-place in the Chateau de Baynac, France. Renaissance 
style. From E. Rouyer, '* L'Art Architectural en France." 



PLATE XX. 
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where do eeonomieal means of warming it as it entered tte room 
was known, they smoked (as xay sensible chimney would do under 
the circumstances), and the only way that could be imagined to 
diminish the smoking was to diminish the size of the fire-place open- 
ing. This diminulion took place as has already been described, and 
the lire-place assumed-its present economical proportions. 

The chimney continued to smoke, howerer, and it was seen that 
the cure had not as yet been discovered. 

The first recorded effort to study the matter seriously on a scien- 
tilic basis was that of Louis Savot, a physician of Paris, born in 
1579 and died in 1640. Savot made a study of architecture from a 
sanitary point of view, and having found in the smoky chimney an 
unusually troublesome patient, he set to work, like a true physician, 
to investigate the causes of the disease. But his success was only 
partial. The treatment' he administered was quieting and ealulary, 
but he failed to discover the real trouble and the secret of its cure. 
He improved the form of the fire-place opening by diminishing its 
width, so that less cold air could enter on each side of the fire, an<l 
he showed that the flue should be smooth to lessen the friction of the 
ascending smoke. 

His ia the first recorded attempt to save the waste heat of the 
smoke and the back of the fire. The famous fire-place at the Louvre, 
of which Fig. 2S gives the front elevation and Pig. 30 the section, 



was first brought into public notice by him, and shows the manner in 
which this was done. The room is warmed not only by direct radi- 
ation, as is usual with the ordinary fire-place, but also by the heat of 
contact of air. The air of the room enters the opening ehown under the 
wate, passes behind the back of the fire-place and above the top, as 
shown toy the arrow;', and returns heated into the room through the 
round openings just under the mantel moulding. The ornamental 
bands passing in front of thefe openings appear to have been designed 
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to deflect the warmed air upwards ai it issueil from them, and prevent 
its returnins at once into tlie fire-place. To admit of tliis circula- 
tion of air the lire-place was, of course, made double as shown, and 
the inner box was made of iron. In this ti&y a portion of the cold 
air at the bottom of the room was heated and tended to rise to the 
top, and a certain amount of heat was saved. This ingenious conr 
tnvance does not appear to have been appreciated or successful, 
tbouirh, since the time of Savot, the arrangement haa, with slight 
niodilications, been patented over and over again as a new inven- 
tion. By it neither was the air of the room changed nor was tlie 
draught of the chimney improvcil, and the saving of beat does not 
appear to have been sufficient to bring about its introduction. A 
simple modification in the nature of its air supply, however, would 
have rendered this invention of the greatest value. By taking tlie 
supply of air to t>e heated from the outside insteail of from tho room 
itself, we have the principle of the so- called ventilating fire-place, 
hereafter to be described, and in consideration of its simplicity it 
would have formed one of the best of its class known. To secure 
the air-space below the hearth the fire was raised three or four 
inches above the general floor level. This rendered the fire more 
efficient in warming the floor of the room, inasmuch as a greater 
number of rays of heat would evidently strike the floor, and all at a 
better angle. 

Fig. 31 shows, in suction, another form of Savot's invention. 

When the column of air in an up- 
right flue is heated and becomes light- , 
er than the surrounding air, it is no 
longer able to maintain its enuilibrium 
wilit the colder and denser column out- 
side, which therefore rushes into the 
house through the cracks and crev- 
ices, driving the warm air up the 
chimney until the balance is restored. 
If, now, these cracks are all closed, 
the cold air will force its way into the 
room through the chimney itself, de- 
scending on one side of the flue, while 
: tho hot air and smoke ascend on the 
■ other. A struggle will ensue between 
*■ the two opposite currents, causing the 

cold air to enter spasmodically, or in puffs, bringing part of the smoke 
with it. 

But let a separate inlet be made for the outside air and it will en- 
ter the room in a steady stream and drive the smoke smoothly and 
rapidly up the flue. In the majority of cases a smoky chimney may 
be cured by observing this simple law. The first really important 
step in improving the chimney draught, then, was made when this 
principle was recognized, and a suflicient opening provided for the 
admission of the outside air. The manner, however, in which the 
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renewal of tlie air was at first accomplished was such as Ui improve 
the draught only at the expense of the ventilation of the room, as 
will be seen by examining the accompanying Fig. 32. It repre- 
sents the apparatUB of Sir John Winter, invented 
in 1658. ^ 

Fresh air was brouoht in under the grate from 
the outside and acted on the fire as a powerful 
blower. A valve was placed in the eiipply-pipe 
and by it the amount of entering air was regulated 
to the requirements of the fire. It will be seen at 
once that when the supply-pipe was large enough 
and the valve was opened Uie fire would be sup- 
plied with Mr entirely by thia pipe, and all objec- 
tionable draughts through window and door cracks 
be efFectually debarred. But it muBt also be borne 
in mind tliat by just as far as the draught was sup- - 
plied from this source, by just so far wonid the ven- ^'< '^ 

tilation of the room be reduced, and if tlie pipe supphed all the a:r 
necessary the ventilation would be nothing. 
Fig. 33 represents the section of another form of the " blower " 
chimney, almost entirely abandoned at 
the present day, but at the time of ils 
invention much in vogue. The fresh 
air is brought in a canal from the out- 
side and turned on tlie fire from above, 
passing between the two plates repre- 
sented in section under the mantel. 
This has all the objections and none of 
the advantages of the blower of Win- 
ter. The ventilation of the room is de- 
stroyed; a cold current of air is pro- 
duced in the neighborhood of the fire; 
and the point of delivery of cold air is 
not located favorably for stimulating 

Still another form has been much 
^''' ^'' praised, though without a shadow of 

merit. By it the fi'esh air is introduced into the room directly from 
the outside at the level of the floor, just in front of the fire-place, under 
a fender perforated for the purpose. The form of the fender is such 
as to direct the incoming air forward upon the lire as it enters. 
This is the worst possible form of fire-place; and besides having all 
tbe objections enumerated above is liable to clog with dirt, and is 
difficult and expensive.to construct. 

A modification in the manner of supplying the fresh air, so that it 
could be used to ventilate and warm the i-oom before feeding the fire, 
would have rendered Winter's invention of the greatest value. 

His contrivance was, therefore, also a failure, though it has, since 
his time, after having undergone slight modifications not affecting its 
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general principle, been frequently patented as a new idea. It only 
remained to combine the inventions of Savot and Winter to produce 
most useful results. 

THE VENTILATING FIRE-PLACE. 

This combination was made, in 1713, by Gauger, the real inventor 
of the ventilating fire-place and, indeed, of almost all the most im- 
portant principles of im- 
provement in the form 
of the fire-place since 
the time of Savot. He 
gave the fire-place the 
elliptic form as shown 
in Fig. 34, instead of 
the square form hither- 
to used, for the purpose 
of improvin^its reflect- 
ing power. He showed 
that, with the rectan- 
gular jambs, very few of the rays of the fire are reflected into the 
room. Thus, if we suppose a fire to be at F in Fig. 35, in an or- 
dinary fire-place, only 
two of the rays repre- 
sented by dotted lines 
as striking the jambs 
would be reflected into 
the room, the rest be- 
ing thrown upon the 
opposite side or upon 
the fuel or back of the 
fire-place or up the 
flue. With the curved 
back, however, all the 




Fig. 34. 



'--^:> 






K 






^^. 



Fig. 35. 



rays come into the room. ** Geometricians,'* he says, " are sensible 
that all radii which set out from the focus of a parabola and fall 
upon its sides are reflected back parallel to its axis." So any ray 
falling from the fire or parabolic focus F or F', Fi^. 36, and striking 

the Dack of the fire^ 
place, will come into 
the room. The same 
"p n \ will happen to any ray 

coming from any part 
of the fire intermediate 
between the two foci F 
and F'. 

The fire-place of Gau- 
ger, besides the para- 
bolic jambs and a small 
soufflet^ or blower of 
Winter, had also, after the principle of Savot, hollow back, jambs, 




Fig. 36. 
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hearth, and mantel, for the purpose of pouring into the room a copi- 
ous supply of fresh air heated in these holloir walls. But unlike 
Savot he brought the air direct from the 
outside for ventilation. These spaces 
were called callducts or meanders, and 
are shown in Fi^. 37. They contained 
perpendicular or borizontal divisions or 

to circulate in Uie hollow spaces, in the *■ 
direction of tlie arrows, as much as pos- 
sible, before entering the room. 

The temperature and amount of the ^''- ^'■ 

fresh air introduced into tlie room was regulateil by a valve in the 
lur channel acting like a two-way water-cock. A small cyhnder. 
Fig. SS, revolved wicliin a larger fixed one in such a way that the 
cold lur could be passed directly into the room, 
or first into the caliducts and thence into the 
room, or shut off altogether. The axis of the 
revolving cylinder passed through the cover of 
tbe fixed cylinder, and had a small lever at- 
tached to it by means of which it was turned 
by the hand into ctrtain positions marked on a 
small dial. The caliducts were made of iron or 
brass. He preferred to place them only in the 
back of the fire-place, as shown in Fig. Hi, leav- 
in^he sides solid and lined with metal. 

The object of the souffia was to bring a small 
- "" column of air directly under the fire to act as a 

blower in lighting it. The lire once lighted, the souffiel could be 
closed by a valve and all the fresh air turned into the room through 
the regular openings above. This fire-place of Gau^er is the legit- 
imate ancestor of scores of modem patents, whose authors are cilaer 
ignorant of or have failed to acknowledge their descent therefrom. 

In reading his work " La M6?hanique du Feu," we see that the 
author was in want of a proper word to express his idea. The word 
" ventilation " did not then exist. Dr. Desaguliers, the translator of 
Ganger's treatise, was the first to use it. 

Tlie objection to the fire-place of Ganger is that it is somewhat 
expensive, and difficult to cleanse or repair when out of order. 

To give the sloping back the parabolic form is almost too much of 
a refinement, and the snuffisi is unnecessary where sufficient air is 
provided by the caliducts. Moreover, the hottest part of the fire- 
place is just above the flame rather than behind or at either side. 
Therefore the caliducts of Ganger do not occupy the most advanta- 
geous position with respect to the fire. By modifjing these details 
and improving the form of the chimney-throat the arrangement 
might be made much more perfect. The external aJr, in passing 
through the caliducts, is, nevertheless, raised to a temperate heat, 
rises and spreads itself through the chamber, again cools, descends. 
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and, after ventilating^ the room, supplies the fire with air, and es- 
capes up chimney. The Ganger fire-places were constructed for the 
combustion of wood fuel. Dr. Desaguliers modified them for coal, 
and put up a considerable number of them in London. For a 
time they were appreciated and rose rapidly into favor; but, unfort- 
unately, an outcry was raised against them by scientific opponents 
of Dr. Desaguliers, who declared that these fire-places ** burnt the 
air, and that burnt air was fatal to animal life; " and the death war- 
rant of the new fire-place was signed. 'When used again they ap- 
peared under a different name and protected by patent rights. The 
unfortunate Dr. Desaguliers mournfully remarked, ** As I took so 
much pains and care, and was at some expense to make this arrange- 
ment of air useful, I can't help complaining of those who endeavored 
to defeat me in it." 



SMOKE-CONSUMING FIBE-PLACES. 

In 1 682 the savants of Paris were attracted by the exhibition of 
the "Furnus Acapnos " (smokeless stove), invented by Dalesme. 

It was simply a fire-place resembling a large clay pipe, Fig. 39, and 
its object was to consume its own smoke by causing it to pass down- 
wards through the burning fuel before entering the chimney flue. 
In the ordinary fire-place a large portion of the fuel escapes un- 
consumed in the form of smoke, which, in large cities like London, 
becomes a serious nuisance, hanging over the city in the form of a 
dark cloud, and filling the atmosphere with soot and impurity. To 
consume this smoke it is only necessary to bring it in contact with 
the glowing cinders of the fire, when it will at once ignite and give 
out its heat. The fuel, wood or coal, is placed in the vase over the 
grate bars. From the ash box below the grate bars an iron smoke 

pipe leads into the brick flue, which 
has no other inlet for air than through 
the fuel in the vase. The upper part 
of the iron smoke pipe is then heated 
by a lamp in order to establish a 
draught through the fuel. Brushwood 
is lighted at the top of the coal, and 
this, burning downwards, iornites the 
entire mass. The smoke of any new 
fuel supplied from above is consumed 
in passing through the glowing coals 
^ already ignited. 

Justel, who described this arrange- 
ment to the Royal Society in 1681, 
says that **the most foetid things, 
matters which stink abominably when taken out of the fire, in this 
engine make no ill scent, neither do red herrings broiled thereon. 
On the other hand, all perfumes are lost, and incense makes no 
smell at all when burned therein." 




Fig. 39. 
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The invention of ihis device was claimed bj- a G 
mann, wlio called bis 
fire-place the " Vulca- 
nua FamulanB," — of 
whii.'h Fig. 40 gives the 
appearance. 

But it is di£Bcult to 
see how the draught 
could be eSecteil in this 
maebioe, both on ac- 
count of the break at 
the end of the iron 
smoke flue which would 
admit the external air, 
and on account of the 
small size of this flue. 

Franklin gives it as his 
opinion that the inven- 
tion not only did not 
belong to the German 

at all, but that he did i- 1 *ij 

not even understand the pr nc [ le and w rk ng of the macl 
claimed as his own. 

Fig. 41 represents another smoke consum ng apparatu 

J the preced ii] 




but 
pla el aga n t the wall 1 ke an 
orlna} h re place To estab 
lieh a draught t 9 nece ary 
to b rn some k ndl ngs w h n 
the 1 ttle ioor placed almve the 
crate before 1 "ht n^ the fuel in 
flie latter. This form of fire- 
place is objectionable, on ac- 
count of its liability to smoke 
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placing the grate in a niche, as in Figs. 42 and 43 nd h 
openings into the flue, one above, as in the ordinary fi pi o e 
wlien tlie fire is firat lighted, and one below to 1 fl . 

He added the tubes behind the lire-baek to sa h h Fie 

smoke and flame, by warming in them fresh ai f m h Bile, 
The position of the upper openings, however, ia su 1 h h p 
ence is far from being an infallible cure to smoking, and the objec- 
tionable appearance oif the fire-place, when partially blackened by 
smoke, can easily be imagined. 

These objections mayl»e removed by certain modifications here- 
after to be shown. 
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te The (Ie*ice it sUown in Fig. H. The grate is cylin- 
n form and revolres upon a fixed seat. The fresh fuel is 
thrown in through the door, represented 
in the figure as opened and supporting a 
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pitcher This door is opened for the purpose hy means of a poker. 
The door te then olosed, and the grate revolved by means of tie 
poker so as to bring the fresh coals underneath those already burn- 
ing By Ibis means the smoke, of the fresL fuel is obliged to pass 
through the fire or red hot coals, and is ignited. 

In 1815, a Mr. Cuttler took out a patent for a smoke-eon sum ing 
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grate, with a chamber or magazine attached, for containing suffi- 
cient fuel to last all day. Fife. 45. The followiug descriptiea is 
from Reea's "Cyclopedia:" "The bottom plate of the chamber is 
movable, and, by means of a wheel and axle, the fuel contained in 
the chamber can be raised so as to bring a portion of it into the 
grate at the lower part or from beneath, and thus from time to time 
replace the fuel that 19 consumed without the trouble of throwing on 
coals. To make the fuel burn, the flue muet be so constructed as to 
produce a strong draught through and across the top of the fire. In- 
troducing the fresh coals from beneath causes the smoke therefrom 
to beconsunied in passing through the superposed hot coals. Another 
improvement is to reduce or extinguish the fire; the fire is lowered 
into the chamber beneath the grate, and is thus deprived of a sup- 
ply of fresh air, and is consequently soon extinguished." It by this 
means the smoke could be entirely consumed, soot and chimney sweep- 
ing would be unknown, and smoke could not enter the room because 
it would cease to exist, and a fire so readily extinguished would be a 
great source of comfort to the anxious housekeeper. 

Dr. Arnott effected the same obiecl by a somewhat simpler means 
in his " Smokeless Fire-Place." Fig. 48. His coal chamber has, like 
Cuttler's, a false bottom or piston sup- 
ported by a piiton rod with notches, in 
which a catch engages so as to support the / 

piston at any required height. By placing 
the poker in one of these notches, and rest- /' 

ing Its point on some fixed support, it may /' ,'' 

be used as a lever for raising the piston, and / /' 

bringinc; a fresh supply o( fuel into the / / 

grate. Should it be necessary to rejilenish ; /' 

(he coal-box, while the fire is burning, as / / 

when the piston has been raised to its full ; 1 

hein;ht, a shovel or s^ade, which may be ; ',■ 

made for the purpose, is pushed in over the / \ 

fjiston to take its place, while the piston is t-,;:^-;-/-'— ----V-— 
owered. The spade is then raised in front f .*!-." 1,111 .;-' , 
by its handle, presses upwards the two ] rJ'"^"*'- = --^"^''1 r 
front bars of the grate, which bars are ar- 
ranged loose for the purpose, and exposes 
the mouth of the coal-Dox, and a new 
chaise of coal is shot in. It is, of course, 
important that the piston should fit accu- 
rately in the coal-box to prevent ingress of 
air from below, or in other words to limit"" 
the combustion to that part of the fire 

which is visible from the room. In reeom- Fig. 46. Ci. Arnott'i Smoksiait 
mending this device, Dc Arnott stated Fire-Piace. 

that the cost of washing the clothes of the inhabitants of London was 
greater by two and a half million pounds sterling a year than for the 
same number of families re*iident in the country, to say nothing of 
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the injury of such articles as carpets, curtains, female apparel, books 
and paintings, decorations of walls and ceilings, and even the stones 
and bricks of the houses themselves, from the same cause. He also 
urged that the frequent washing of hands and face led to an in- 
creased consumption of soap ; and that many trees and shrubs could 
not live in a smoky atmosphere like that of London. 

Nevertheless the complete combustion of the smoke will not rendejr 
it wholesome to breathe. Some injury is no doubt caused by inhal- 
ing soot ; but by passing the smoke through the fire in some smoke- 
consuming apparatus, wnile we save the heat, we convert the visible 
soot into invisible acids, carbonic, sulphurous, and pyroligneous, 
and ammonia, etc., of which, with water, it is composed. 

Figs. 47 and 48 represent the smoke-consuming grate of Atkins 
and Marriot, an ingenious contrivance, which introduced fresh coal 
at the bottom of the grate as it was wanted. The section shows 




Fig. 47. Atkins & Marriot's Smoke-consuming Grate. From Edwards. Fig. 48. 

clearly bow this was done. The idea was to obviate the possibility 
of the whole body of coal getting into a state of active combustion, 
as in Guttler's grate. It either was not understood, or was for some- 
reason practically objectionable, for it does not appear to have met 
at any time with success, and was soon forgotten. 

These smoke-consuming fire-places never came into general use on 
account of their awkward appearance, and the inconvenience of man- 
aging them. They involve machinery which is a little liable to get 
out of order, and few housekeepers are philosophers enough to be 
willing to undertake the management of a machine requiring espe- 
cial mental effort, where the advantages are not directly visible to 
the senses. The average servant is thoughtless and impatient enough 
to prefer the primitive method of "discharging an avalanche of 
coals " upon the fire from the hod, to going through the experiments 
with the lever, ratchet, wheel and axle, recommended by Guttler and 
Arnott. 
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Moreover, the complete combustion of the smoke, and indeed every- 
thing else connected with the fire, has been considered of minor impor- 
tance, compared with obtaining a " good draught '* at any sacrifice. 
If we assume that but an eighth or a tenth part of the fuel takes the 
form of unconsumcd smoke, and consider that a tenth part of the 
entire heat generated by the fuel is more than we ordinarily realize, 
the saving by the use of a smoke-consuming apparatus would, in an 
ordinary fire-place, amount to only about a hundredth part. It is 
evident, therefore, that such a refinement on the score of economy is 
absurd, so long as we allow the waste in other ways to be so large. 
If we throw away nine tenths of the fuel consumed, we cannot com- 
plain of the loss of the one tenth of the remainder which is uncon- 
sumed. 

IMPROVEMENT IN THE FORM OF THE CHIMNEY THROAT. 

The next important step made was in the improvement of the form 
of the smoke flue where it connects with the fire-place. Cold air, be- 
ing heavier than warm, will fall below the latter, and press it upwards 
to make way for itself. Thus the air in the neighborhood of the fire- 
place will press the hot smoke up into the chimney throat. If this 
throat is only large enough to take the smoke, hot air only will enter 
the flue and the draught will be rapid. But if the throat is larger 
than necessary, that part of the cool air of the room which enters 
the fire-place and becomes most heated by the fire, and next in buoy- 
ancy to the smoke, will, in its turn, be pressed up by the cooler air 
behind it, and enter the flue alongside of the smoke. Indeed, the 
entire volume of the air of the room, being warmer than the outside 
air, will tend to enter the flue with the smoke, so long as there be 
room provided for its entrance. The heat of the column, and conse- 
quently the rapidity of its rise, will therefore be proportionally di- 
minished. For this reason the throat of the chimney should be con- 
tracted until it is no larger than is suflicient to carry off the products 
of combustion. A similar contraction throughout the entire length 
of the flue would be desirable, were it not that an allowance must be 
made for clogging up by soot, and for the resistance by friction to 
the passage of the air offered by the rough walls of the flue. 

The first to recognize and apply this principle was Count Rum- 
ford (1796-1802). He published a number of valuable and interest- 
ing essays on various matters of domestic economy, one of which 
was devoted entirely to fire-places and chimneys. But he is to be 
blamed for not investigating or at least acknowledging the progress 
made by his predecessors in this particular. He says, ** It is, how- 
ever, quite certain that the quantity of heat which goes off combined 
with the smoke vapor and heated air is much more considerable, 
perhaps three or four times greater at least, than that which is sent 
off* from the fire in rays, and yet small as the quantity is of this 
radiant heat, it is the only part of the heat generated in the com- 
bustion of the fuel burned in an open fire-place which is ever em- 
ployed, or which can ever be employed in heating a room;" and 
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heating . 



" As it is 



Che radiated heat alone which can be employed in 
t becomeB &□ object of much importance to deter- 
mioe how the greatest quantity of it may be 
generated from the combustion of fuel." Thus, 
liowever much good he toaj have done in im- 
proving the form of the chimney tbroaC, and 
in calling public attention to the advantages 
of bevelled over rectangular jambs, he cer- 
tainly also did much to discourage any further 
effort in economizing the waste heat of the 
smoke, and should therefore be considered as 
having really done more than any other one 
man to retard the proper development of the 
subject. Ho couiplains of the enormous waste 
of heat, and reorets that no means of saving 
it can be invented. In the face of the discov- 
eries of both Savot and Ganger. Even bis 
bevelled jambs for better reflecting the rays 
, into the room had long since been recom- 
i mended by Ganger. They were brought for- 
I ward as quite new by Kuinford. in speaking 
Fig 49 Fiom P«ci«i "^ ^^^ waste in unconsumed smoke, he says, 
" T never view from a distance, as I come into 
town, this black cloud which liangs over London, without wishing to 
be able to compute the immense number of chaldrons of coal of which 
it is composed ; for could this be ascertained, I am persuaded so 
stribiiig a fact would awaken the curiosity and excite the astonish- 
ment of all rants of the inhabitants, and perhapi turn their minds to 
at) object of economy to whii:h they had hitherto paid little atten- 
tion." Yet he gives no way of consuming the smoke or of alleviat- 
ig the evil. 

; so-called Rumford stove or fire- 
of the fir.' cb.iivibpr and gave the 
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50 repi 
placed He contracted 
sides an angle of 135° with 
the hack, or, which is the 
same thing, of 45° with the 
front of the fire-place, in or- 
der, as he said, to refiect the 
f;reatest possible amount of 
leat into the room. He con- 
sidered the best proportions 
for the chimney recess to be 
when the width of the back 
was equal to the depth from front to back, and the width of the 
front or opening between the jambs three times the width of the 
back. These proportions are used to-day, and are undoubtedly the 
best. He objected to the use of iron for these surfaces on account 
of its great heat-conducting power, which wasted the heat and 
cooled off the fire, but advocated some non-conducting substance, such 
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as tire-clay. He also objected to circular covings, on the ground 
that they produced eddies or currents, which would be likely to cause 
the chimney to smoke. 

But bis chief, or perhaps only, real improvement consisted in the 
reduction of the size of the chimney throat, and the rounding off of 
the lower edge of the chimney breast, as shown in Fig. 51, in order, 
as bo said, to afford less obstruction to the ascent of tbe smoke. 
When the chimney required sweeping, the plate or flagstone opposite 
this rounded edge could be removed so as lo open the throat, and 
be replaced after the operation. This form, as given by Rumford, is 
however still defective. The small- 
est part of (he flue should be at the 
bottom, as shown in Fi^. 52, so as to 
prevent the entrance into the flue 
of unburnt air from the room. 
From this point it should increase 
somewhat, to allow of a slight ex- 
pansion of the heated column anil 
to diminish its friction gainst the 
walls of the flue, as well as to allow 
for a partial clogging by soot and 
for the resbtance to its passage of- 
fered by the roughness of the plaster, ^ 
The back of lie fire-place should _., 

also incline forwards, as sliown, 

in order to increase its radiating effect as well as that of the flame. 
The simple and earnest style cf 
Count Rumford's essays, the sub- 
stantial nature of his acknowledged 
improvement, the facility with 
which it could be tested, and the 
enthusiasm with whicli he urges its 
importance, the detailed directions 
he gives tor the guidance of the 
builder, and the liberality with 
which he offered the free use of hia 
inveniion and services to the public, 
all tended to make a permanent im- 

S'ession, and not only to give the 
umford fire-place precedence over 
"'■ *^- all others, but even to place the 

latter altc^ther in the shade. So much in the shade that, though 
infinitely more important as tending to improve the ventilation of 
the apartment, and the draught of chimney, as well as to save the 
waste heat of the fuel, they were almost forgotten, and, so far as the 
mass of the public is concerned, reniain so up lo ihe present day. 
So great was the influence of Count Ramford as a man of science 
and bis ability as a writer, that his failure to acknowledge the value 
of the efforts of his predecessors seemed like a tacit condemnation of 
them, and proved the severest blow lo the cause, 
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Almost all modern grates are based upon the principles explained 
bj- Count Bumford, and a fire-place was considered perfect wbich 
was made in accordance with them. It waa a rare exception wlien 
anytliing tieyond this waa thought poesible. 

The modern grate represented in Fi^s. 53 and 54, called Sylvea- 




Rg. 54. 

ter's patent, formed one of these exceptions, and was introduced 
about twenty years ago. In this the fire was put lower down than 
it had been at any time since coal became the staple fuel. The 
bottom of the grate was formed of separate bars, which extended 
considerably into the room. A curb of iron and a raised bar of cir- 
cular form were used to enclose the bars and answer the purpose of 
a fender. The back and sides of the flre-place were formed of fire- 
brick. Instead of the register door above, Venetian plates were 
provided at the back of the grate for Clie escape of the smoke, which 
could be opened more or leas by a touch with the poker. This grate 
is quite common with ns to-day; bat it is rare that we see it with the 
ventilating attachment shown in the figure, and operating on the old 
principle of the fire-place at the I>ouvre, described by Savot. The 
air from the room was warmed against tlie hack and top of the fire- 
place, _in the spaces shown in the section, and afterwards returned 
into the room. 

The contraction of the chimney throat by means of the Venetian 
plates, which could easily be regulated, was an excellent application 
of the principle advocated by Rumford. The projecting bars re- 
flected considerable heat, but there were certain disadvantages. The 



apparatus was necessarily expensive. It required more than usual 
care in settin". The fire was injudiciously low, and the necessity 
of removing tne bars individually for the purpose of taking away 
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the dust, and of then replacing them, was objected to from the fact 
that the operation was an unusual one, and one, therefore, which 
domestics were certain to object to. 

Figs. 56 and 66 represent the so-called Stephen's grate. This 
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Fi£. 53. Stephen's Fire-Place. From Edwards. 



Fig. 56. 



has no ventilating flues. It was simply built after the Rumford prin- 
ciples, and may be taken as a type of what was and is considered a 
perfect grate or fire-place. As in Sylvester's device, the smoke passes 
away from behind, but through a single arched aperture instead of 
between Venetian plates. A polished surface of iron fills up the 
space between the aperture and the front of the grate. A pan to re- 
ceive the ashes is fitted below the fire bars, and is made to project a 
few inches in front of them, where it is covered by an open grating. 
Fire-brick is used behind the bars to enclose the fire, and a door to 
move backwards and forwards is used to regulate the opening into 
the chimney. The iron-work is ground and stained black for dining- 
rooms and libraries, and is ground and polished bright for drawing- 
rooms. 

Burnished steel and ormolu are introduced, of course, for those 
who can afford to pay for them, and the ash-pan itself is sometimes 
constructed of stamped and highly burnished steel bars, which, ac- 
cording to Edwards, the grate manufacturer, gratify the ladies by 
their brlffhtness. Two curious circumstances atten diner the intro- 
duction of this grate are that it was not made of a semicircular form 
by the inventor, but elliptical, and that the notion was given over for 
a small sum of money to a manufacturer, who called it a patent, and 
retained the sole privilege of using it for many years, till it was dis- 
covered that there was no such thing as a patent in existence. Even 
before the introduction of Stephen's grate, another one, known as 
King's patent, and shown in Figs. 57 and 58, was introduced, which 
combined several similar qualifications, but only succeeded in becom- 
ing very little known. The form of the upper part was square in- 
stead of semicircular, and the door at the back of the grate, instead 
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of being suspended from the bottom, as in Stephen's apparatus, was 
suspended from above and balanced by chains and weights, so that a 
slignt touch with the poker could move it up or down at pleasure, 
and increase or diminish the draught. This fire-place was, scien- 
tifically speaking, superior to Stephen's. The amount of reflecting 
surface was greater than in the semicircular form, and the draught 
into the chimney was far more perfectly regulated than by the Ste- 
phen's door. It is curious to observe how instantaneously the draught 
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Fig. 57. King's Patent Grate. From Edwards. 



Fig. 58. 



is affected as the door is brought in proximity to the fire or is removed 
from it, and how perfectly all the products of combustion are carried 
off when the opening into the chimney is exceedingly contracted. 
The grate, however, failed to excite much attention for one reason, 
and one only, namely, that the square form was not at that time cal- 
culated to be so popular as the arched form. " It is," says Edwards, 
** of no use to attempt to reason upon matters of taste. It suffices to 
state that the arched form was at that time novel, and that few would 
look at any other. King's grate was subsequently made of the semi- 
circular form, but not until the other had orot the run, and it had be- 
come practically impossible to supplant it." 

THE SLIDING BLOWER. 

Soon after the improvement made by Rumford, Lhomond added a 
movable blower, as shown in Figs. 59, 60, 61, and 62, allowing the 

opening of the fire-place to 
be increased or diminished at 
will. In this way the entire 
current of air could be turned 
upon the fuel, and the open 
fire - place becomes trans- 
formed into a closed stove, so 
far as the concealment of the 
fiame and the improvement. 
Fig. 59. of the draught are concerned. 
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enUly need in Europe, especially 
blower is composed of one or i 
sheet metal (Fig. 60), sliding one 
in the slots, as shown on the plan 
ia supported in the middle by 
passes over two pulleys, and 
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eight. The use o£ this blower is. 
an effective cure for smoky chimneys, becausu 
it may be closed so as entirely to cover the tire, 
but it is an expensive cure, since it sends a 
of the radiant neat up the chimney. It is 
that the high conductibility of the metal plate allows heat to pass 
through it rapidly, but the loss is nevertheless very great when closed 
over non- ventilating fire-places. Its use is only to be recommended 
where no better means of preventing smoke is to be found, or where 
a powerful draught is required to light the lire rapidly. 

A good arrangement of the grate for burning coal is to have the 
entire grale project beyond the fire-place so as to utilize the great- 
est possible amount of radiant heat. A semicircular hood of metal 
over the fire would then serve to direct the smoke into the chimney. 
This hood, being a heat conductor, would also transmit a large portion 
of the rays of heat into the room. 

The fire-place of Lhomond, as sbovrn in Figs. 61 and 63, is designed 
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Fig. 63 represents the movable grate, invented by Bronzac. The 
fuel rests on a small carriage with wlieela or casters, which allow of 
its being brought forward into the room, when the fire is once lighted 
and burning well. The grate or carriage consists of a cast-iron box, 
open in front, and was used with an ordinary lire- place of Lliomond or 
Bumford. These grates, according to Peclet, well made at first, met 
with great success, but upon the expiration 
of the term of ihe patent ri^ht their con- 
struction was less cai'eful, and they fell into 
mparative disuse. At the Universal Ex- 
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nature was exbiliited. The grate could be 
brought forward several meters into the 
room, the smoke then passing into the 
oner through a Hue formed of sliding 
tuties, fitting into each other like those of a 
^telescope. As to how far the use of such a 
Bdevice is likely to spread in onr modern 
^'i- '^- apartments is a (jueslion of which each is 

best able to judge for himself. But it seems to the writer more suit- 
able for the shop of the tinsmith or the 
laboratory of the chemist than for an 
ordinary living-room. 

Various other forms of the movable 
grate have been invented, a common 
form among which is the hanging- basket 
grate, now occasionally used, supported 
by a chain on a swivel bracket projecting 
from one of the jatnbs of the fire-place. 
This form of grate is objectionable on 
account of the difficult; of Iiolding it 
firmly while replenishing or poking the 
fuel. It is sometimes u»;d on account 
of its oddity or picluresquuness. 

F1RK-PLACE8 WITH INVEETKt) SMOKE 

In 1745 Franklin invented the famous ) . 

Pennsylvanian Fire-Place (Fig. 61), in . 

which the smoke clei<cendg to tlie bottom Fig. 64. Fiankiin't Panniy[vinitn 
of the fire-place before it enters the flue, Fii«-Pii». 

in order to heat the surfaces of the fresh-air channels enclosed in the 
fire-back. This fire-place of Franklin's, however, was closed in front, 
and was objectionable on that account, the fire not being visible. 
It belongs therefore rather to the stove family than to that of the 
fire-place, as its name implies, ll was modified by Desarnod, who 
opeaud (he front to expose the fire (Fig. 65), and added on each side 
three little tuties whicli entered a larger one, through which the 
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Bmoke passed and save out a large part of its heat before entering 
the chimney. In short, tlie apparatuB consists of a Email fire-place 
inside of a latter one. Above the smaller ia the opening throush 
which fresh air enters the room, The system of an inverted smoke 
flue was also adopted by Montalembert, who in 1 763 invented the fire- 
place and chimney represented in 
Fig. 66. It consists of a small chim- 
nev inside of a larger one. Upon 
lighting the fire, the dampgr at the 
top of the inside flue is opened, and 
that on the outside flue closed, by 
means of cords and tassels, allowing 
the smoke to rise directly into the 
chimney. Once the fire is well 
lighted, the dampers are reversed 
and the smoke is forced to follow 
the course indicated by the arrows. J 
When the walls of these flues are ^; 

constructed of a good heat-con- Fig. 65. Dtmnod's Fire-PI>CB, Fiomjol,. 

ducting material, the saving by their use may 
be very great; if constructed of brick and 
the asual furring put upon the chimney breast 
the gain is, on tlie contrary, but Blight. Not- 
withstandinn; this objection and the compli- 
cation of the construction, these chimneys 
became quite popular at the time of their in- 
troduction. 

The chief difficulty with all these arrange- 
ments having the reversed draught is their lia- 
bility to smoke, and to clog with soot. Where 
the principle of multiplied circulation is em- 
ployed to bring the fresh an- and smoke flue 




in contact with each other, the circulation should if possible be on 
the part of the fresh air and not of the smoke, unless convenient 
openings can be provided for cleaning out. Another form of fire- 
place, constructed on the same principle, is that of Douglas Galton, 
represented in Figs. 67 and 68. In this the fire-place projects en- 
tir«ly into the room. The smoke passes through the larire central 
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flue, and is Burrounded by fresh-air chambers, which bring the warm 
air into the room through the openings ahonn in the section at the 
top of the stove, following the direction shown by the arrows. The 
fire-place is constructed of fire-brick, which absorbs a great quantity 
of heat, and, when once thorouglily warmed through, has the pecu- 
liarity of radiating the heat in all directions very rapidly. Soapstone 
has the same property. The grate and case of the fire-place are 
made of iron. This apparatus can only be employed with safety 
where the chimney draught is very regular and powerful, the ver- 
tical flue being heated from some external' source, as in the Herbert 
Hospital, Woolwich, England, where, by the side of the upright flue, 
is placed a spare flue terminating in a fire-place in the basement, 
which enables the vertical flue to be warmed, so as either to make 
it draw when the Are is first lighted, or to enable a current (o be main- 
tained for ventilating purposes through the fire-place when the fire is 
not lighted. The horizontal flue is swept by pushing a brush along 



it to force the soot into the vertical flue, whence it can be removed 
by a special contrivance. 

The fire-place of Descroizilles, wilb smoke flue constructed on the 
same principle, is shown in Fig. 69. " 

In order to climinish the unnecessary entrance of cool air into the 
chimney flue above the fire, without at the same time curtailing the 
view of the flame, Descroizilles closed the upper part of the opening 
with a curtwn of fine metal gauze. This, applied to both wood and 
coal fires, gave excellent results. Glass and mica slate have been 
used for the same purpose, but, owing to their frangible nature, have 
had but a limited use. The apparatus for warming the fresh air 
shown in the figure is much too complicated ever to become popu- 
lar, even if it were not objectionable in many other particulars. The 
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whole is constructed of metal. The metal gauze in front of the 
fire is made to turn on a hinge on its upper side, so that it may 
be opened or closed at pleasure. The smoke is allowed to pass di- 
rectly inlo the chimney when the fire is first lighted, but when the 
flue has been Bufficiently warmed to insure a good draught, the small 
damper above the fire is closed, and the smoke is compelled to 
descend, turn to the right and left, rise again, and circulat« through 
the bent pipies as shown in full and dotted lines, before it finally 
escapes into the chimney. While the machine is in good order 
it warms the fresh air economically and effectually, provided it is 
not attempted to warm too much air. But it is particularly liable 
to clog with soot, and very difficult to clean out again, it being nec- 
essary to take it entirely apart in order to do this. Moreover, the 
frequent changes in shape and direction of the various parts of the 
smoke flue give rise to numerous counteracting eddies, which seri- 
ously retard the passage of the smoke; and often to such a degree 
thai, with fire-places having openings of the ordinary size for burn- 
ing wood, its use, without the gauze blower, would he quite out of 
the question. 

Fig. 70 gives a simpler device, but one which is also objectionable 
on account of back eddies, soot clog- 
ging, and smoke, without the advan- 
tage of the damper leading into the 
direct Sue to fall back upon when 
the draught is feeble. 

Figs. 71 and 72 represent a ven- 
tilating fire-place taken from Peclet's 
" Traits de la Chaleur," It is com- 
posed of a small fire-place of sheet- 
iron, placed inside of a larger one 
containing the fresh-air tubes, T T. 
These tubes are arranged in plan as 
shown in Fig. 72, iii such a manner 
as to take from the smoke, as it passes 
between them, as much heat as pos- 
sible, without obstructing its passage 

or occupying too much space. The p- j^ p,^^ p^j,,,, 

small inside fire-place is distinct from 

the larger one containing the tubes, so that it can easily be removed 
when it is desired to clean out the latter. The smoke and hot air of 
coinbDsUon, rising from the fuel, pass over the back of the inside 
fire-pUce, descend between the fresh-air tubes, and pass out into the 
mun tlue through the laroe opening at the )>ottom, F. An open- 
ing above E, Furnished wiUi a damper, serves to establish the draught 
when the fire is lighted. The fresh air circulates through the tubes 
and enters warmed into the room through a register just above the 
fire. The usual blowerfor diminishing the size of the fire-place open- 
ing accompanies the apparatus. This fire-place is simple and easily 
set in any ordinary chimney opening. It was tested by Peelet and 
highly recommended by him. 
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The reTerberatory fire-place, invented by a Mr, John Taylor, an 
English architect, is represented in Fig. J3. It is conetrucled of 
hollow bricks laid round an iron frame in such a manner that the 
smoke is obliged to paM around and below the Hre before ascending 
the Rue. An opening with adamper immediatelv above the fire al- 
lowed the smoke, however, to rise directly into the main flue when 
the fire was first lighted. The interior of the grate was entirely 
lined with hollow fire-bricka, and the front part of the grate was pro- 



vided with openings arranged to correspond with the construction of 
the air flues behind, and also to present a biffhiy ornamental appear- 
ance. The fresh air warmed in the hot-air flues formed of fire-bricks 
passed through these openings into the room. This hollow brick 
interior was heated by the fire resting against the bricks and by the 
amoke passing around them. The objections to this fire-place were, 
that the descending flue as here constructed would be liable to smoke, 
and would quickly become clogged with soot, to remove which would 
be difficult, especially in the Tower corners, where it would soonest 
condense. Another serious objection was the liability of the hollow 
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bricks to become destroyed by tbe action of the fire and disturb the 
whole arrangement. This might be partially removed by the substi- 
tution of iron for brick, but such a substitution would involve diffi- 
culties of other kinds. On the whole, the deficiencies were conspicu- 
ous enough to prevent its making a permanent impression, and it 
now appears lo have become forgotten. 

M. Joly, in his ** Traite du Chauffage et de la Ventilation," says, 
" When we make a careful examination of our open fire-places as we 
actually find them, the first thought which strikes us is, *■ How absurd 
they are I* They are indeed nothing more than excellent producers 
of dangerous draughts, and it is particularly to them that applies the 
famous proverb, — 

' Si le vent souffle sur toi au travers d'une/ente, 
Fait ton testament et tnets ordre a ta conscience.^ ^ 

"The second thought is this: AVhy not take advantage of the heat 
at the point where it is most intense, that is, at the top of the fire- 
. r J place ? Why cause the smoke to 

I • - enter the main flue at a height of 

meter .70 from the ground, rather 
than at the height of 1 meter? Why 
not utilize first all the radiant heat, 
and then by means of a damper in 
the smoke-flue just over the fire (Fig. 
74), when the fire is lighted and the 
draught established, why not, as in 
the Russian and Swedish stoves, turn 
the smoke into one of the idle piers 
under the mantel, converting it into a 
reversed smoke-flue, to lead the smoke 
under the hearth to the base of the 
other pier, through which it again rises to the mantel and returns to 
its starting-point before entering the flue ? Why not bring all this 
smoke in contact with fresh air introduced from the outside, and 
entering the room through the fresh-air registers, as shown at the 
right and left of the mantel ? This would be more expensive than 
our ordinary fire-places ; but does the fuel that one burns cost noth- 
ing ? Do we derive from it all the advantao'e of which it is capa- 
ble?" ' 




Fig. 74. Suggestion of Smoke Cir- 
culation. j 



1 If through a crack the draught you feel, 
Settle your conscience and make your will 
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We now come to the iron iire-plaoe with direct or straight smoke 
flue and circulating dr flues. Fig. 75 roiresentg the fire-place of M. 
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chimney. Tliis sudden increase would be annecessary except as a 
transition From an oblong to a square flue. 

Fig!i. 76 and 17 represent another device with a belter sectiou of 
the Rue. Under the hearih is a shallow rectangular case of sheet- 
iron communicating irich the external air. Upon the rear part of 
this box are fixed a number of bent tubes for conducting the air from 
it to the treph-air register above the fire. The burnt air passes be- 
tween the tubes before entering the brick flue, and warms the fresh 
air in its passage to the room. Fiz. 78 gives in section a flre-place 
with the tubes for fresh air horizontal instead of perpendicular. This 
arrangement is less effective than the preceding, in which a draught 
of fresh air into the room is produced in the tubes by the height of 



Fig. 7S. Fig, 79. Front El.vMion. 

the column of warm air in them independently of the chimney draught. 
With horizontal tubes no such independent draught exists. The ap- 
paratus represented in Figs. 79, SO, 81, and %2 consists of a sheet- 
iron open stove fitted into the opening of a fire-place over a fresh- 
air inlet situated under the hearth. A register opens into the room 
from the upper part of the stove, through which the warm air enters. 
The stove consists of two sheet-iron boxes, one inside of the other, so 
as to leave a space between them for the circulation of the fresh air. 
The iron smoke flue is furnished with a dampier at its junction with 
the stove, which is its proper place. The cheeks of the iron case are 
pierced with small metal plates, which extend into the tire and into 
the air spaces between the two cases. The outside air enters through 
the fresh-air channels, rises, and comes in contact with the ends of 
the metal plates heated by the flame at the opposite ends. It then 
enters the room through the register just above the fire. The appa- 
ratus, consiilering its complication, is feeble in heating power. The 
heating surface added by the plates is too small to justify the out- 
lay; moreover, the spaces between them would quickly get clogged 
with soot, and to clean them is exceedingly ir '"" ' 
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If these plates were omitted, aa ahown in Fi; 
of ventilating fire-place would be obtained. 



m. 



The lire-place of Fondet is represented in Figa. 8i and 85. It is 
composed of two horizontal cast-iron cylinders united by a number 
of small upright prismatic tubes 
arranged in rows, diagonally op- 
posite and behind eacb other, id 
such a way that the smoke can 
pass between them before enter- 
ing the chimney Hue, as shown by 
the arrow in the section. These 
tubes, which thus form the back 



lower end, and at the upper 
with the wsrm-air registers at 
the right and left of ibe mantel, 
as shown in the elevaiion. The 
fresh aircirculating through them 
is warmed by the fire, and then 
thrown into the room through 
the registers. The soot ia re- 
moved from the outsides of the ; 
•mall prismatic tubes by means 
of a thin acraper passed between 

This apparatus is now one of '*' 

the most extensively used in Paris, and gives the greatest satisfactioi 
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It is, however, open to the objecdon of obstructing passage into the 



Fig. 84. Fondlfl Fii 

chimney flue in a manner 
which renders the removal 
of the soot from the hitter 
quite difficult. 

To obviate the objection, 
Cordier modified the tuiclc i 
80 as to render it movable. I 
During the sweeping of the 
chimney the baclt can be 
moved to tlie position shown 
by the dotted lines in Fig. 
S6, thus entirely opening 
the mouth of the chimney. 
In other re a pec Cs the oper- 
ation of this apparatus is 
like that of FondeC. Fig. 
87 shows it in perspective. 
Fig. 88 shows the movable 
hack, with the collerEon the 
right and left of the upper 
horizontal cylinder to shut 
over Che ends of the same 
when in position, for the 
purpose of keeping out the 
soot. The upright tubes 
in the Cordier fire-place 
are larger than in that of 
Fondet, and present more 
heating surface. At the 

ly burned out. To increase 
durability, however. 
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the small perforated shield (Fig. 89) is fitted to the froot of the tubes 
to protect them from the immediate contact of the fire and fuel. 
Fig. 90 shows the fire-place back in profile. 

According to M. Boac, a French architect and writer on heating 
and ventilation, the calorific power of this apparatus is much greater 
than that of Fondet. He gives the results of some expenments 




Ffg. B7. P.rsp«tiy« Vi.w of Cordl.r'. Fir.. 

Plica, From Bbic. Fiz. 90. 

made by the Central Societj- of Architects, Paris, to stow this. 
The experiments were made in a room, he says, containing about 
fifty-four cubic meters of air. At the moment of lighting, the ther- 
mometer stood at 17° Centigrade. Kinc kilograms of wood were 
burned, and at the end of two hours the thennooieter stood a 






of : 






few 



.^■^-....p ^„.^»^w >,. .« . — ..imilar experiment, 

days afterwards in the same room with one of Fondet's better-known 
fire-places, gave, in the same time and with the same amount of 
wood, an increase of onlv 7° instead of 13°. 

Jn Fig. 87 is shown, 'behind the mantel, a portion of the smoke 
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flue made large euoueb to contain a number of small fresh-air tubes. 
By tbia means a Btilt greater amount of heat may be extracted from 
the smoke before it enters the brick flue. But the upper enlargement 
with enclosed air tube* does not form a.neeessary part of the appa- 
ratus. It is objectionable, aa well on account of its costliness and 
Complexity as on account of the difficulty of cleaning or making 
repairs. 

The Lloyd fire-place is represented bv Figs. 91, 92, 93, 94, and 95. 
Two strips of aheet-iron, bent as shown in Fij;. 94, are fastened to the 
back of the flre-place, of which Fig. 92 fovea a 
horizontal section, and make the fresh-air flues 
shown in Fig. 95. These two side flues are con- 
nected above the fire-place with a cross tube 
square in sectioD (Etg. 91). The fresh ^r enters 
behind the fire-place, circulates below, on each 
side, and above the stove, and enters the room 
just over the mantel at the back ed^e of the 
shelf, as shown in the vertical section (Fig. 91). 
This fire-place is to be highlj- recommended on 
account of its extreme simplicity. But the ra- 
diating surface of its beating Hues being small, 
compared with those of Cordier, Fondet, Joly, 
I Pcclet, Descroizilles, and others, it is corre- 
i spondingiy deficient in calorific power. In com- 
mon with all the above-mentioned fire-places, it 
Fit. 91. Linyd') Tubu- is objectionable in bringing the air into immedi- 
|if Fm.pi.c*. From ate contact with highly heated iron about the 
°"' '"""' grate and burning fuel. For the purpose of de- 

riving the utmost advantage from an 
open fire, the radiant beat of the fuel, - 
which, on account of its preciousness ; 
(from a sanitarv point of view), might ' 
be called "golden" heat as dist' 
guished from the ordinary heat of c< 
vection, should be made the moat oi. 
To this end the back and sides of the '*' 

grate or fire-place should be constructed of the best radiating or re- 
flecting material, avoiding the metals. Pii-e-clay, tiles, or soapstone 
should be sought. The conducting materials may be used in places 
comparatively remote from the fire, whereby the wasle heat of the 
smoke may be saved without danger of burning the air. Or, in 
other words, the conducting materials should be used higher up above 
the points available for radiation. 

Mr. Lloyd placed a strip of metal on the mantel just in front of 
the warm-air entrance, with the idea that it was necessary in order 
to deflect the current upwards as it entered, and thus prevent hori- 
zontal draughts. Such a deflector is, however, an unnecessary com- 
Elication. Thedirection of (he air current would be influenced chiefly 
y its gravity or temperature, and, if warmer than the air o( the 
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room, would rise at once to the ceiling; if colder, it would fall to the 
ground without much regard to the trifling impediment offered by the 
deflector. This would be as powerless to influence the general direc- 
tion of the air current, as would be a stone at the bottom of a river 
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Fig. 93. Fig. 94. Fig. 95. 

Lloyd's Tubular Fire-Piace. From Tomlinson. 

to counteract the laws of gravity by which its course was determined. 
The action of this fire-place when first introduced is thus described 
by Mr. Lloyd : — 

" The complete and agreeable change in the character of the air of 
the room was at once apparent to every one; and instead of the room 
being barely habitable in cold weather, it was found to be the most 
comfortable in the house. This stove was fixed at the latter end of 
December, 1850, and has been in use ever since without the slightest 
difficulty of management, and with entire satisfaction to the inmates 
of the house. During the first winter careful observations were made 
on its action, and the results are in many respects remarkable. 
Within an hour after the fire is lighted, the air issuing from the air- 
passages is found to be raised to a comfortable temperature ; and it 
soon attains a heat of 80^, at which it can be maintained during the 
day with a moderate fire. The highest temperature that has been 
attained has been 96°, whilst the lowest on cold days, with only a 
small fire, has been 70°. The result of twenty observations gave the 
following temperatures: On two occasions the temperature was 95°; 
the fire was large, and the door of the room was lefb open so that the 
draught through the air-tubes was diminished ; on five occasions the 
temperature was below 80°, averaging 75°; the remaining thirteen 
gave an average of 80°. The mean temperature of the room at the 
level of respiration was 61°, while the uniformity was so perfect that 
thermometers hanging on the three sides of the room rarely exhibited 
a greater diflFerence tnan 1°, although two of the sides were external 
walls. As might be expected, there was no sensible draught from 
the door and window. On observing the relative temperatures of 
the inflowing and general air of the room, it appeared that there 
must be a regular current from the ceiling down to the lower part of 
the room, and thence to the fire. The inflowing current, being of a 
temperature nearly approximating to that of the body, was not easily 
detected by the hand ; but on being tried by the flame of a candle it 
was observed to be very rapid, and to pursue a course nearly perpen- 
dicular towards the top of the room, widening as it ascended. It 
was also noticed that the odor of dinner was imperceptible in a re- 
markably short time after the meal was concluded. In order to trace 
the course of the air with some exactitude, various expedients were 
made use of. It was felt to be a matter of great interest to ascertain 
if possible the direction of air respired by the lungs. The smoke of 
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a cigar, as dischaived from the mouth, haa probably a temperature 
about the Mme aa respired air, higher rather than lower, and was 
therefore assumed to be a satisfactory indicator. On its being re- 
peatedly tried, it was observed that the smoke did not ascend to any 
great height in the room, but tended to form iteelf into a filmy cloud 
at about three feet above the floor, at which level it maintained itself 
steadily, while it was gently wafted alon^ the room to the fire-place. 
In order to get an abundant supply of visible smoke at a moderate 
temperature, a fumigator charged with cut brown paper was used. 
By this means a dense volume of smoke was obtained ia a few 
seconds; and it conducted itself as in the last-mentioned experiment. 
On discharging smoke into the infloinng air cvrrent, it was diffused 
so rapidly that its couree could not be traced, but in a short lime no 
smoke was obeervable in the room. Another experiment was made 
with a small balloon, charged with carburetted hydrogen gas, aad 
balanced to the specific gravity of the air. On setting it at liberty 

Jtwnt I\,,jin Act—. 



near the air-opening, it was. borne rapidly to the celling, near which 
it floated to one of the sides of the room, according to the part of the 
current in which it was set free; it then invariably descended slowly, 
and made its way with a gentle motion towards the fire. The air 
has always felt fresh and agreeable, however many continuous hours 
the room may have been occupied, or however numerous the occu- 
pants. It is difficult to estimate the velocity of the iuflowing cur- 
rent; but if it be assumed to be ten feet per second, there would pass 
through the air-tubes in twelve minutes as much air as will equal 
the contents of the room. And as it appears that the air so ad- 
mitted passes from the room in a continuous horizontal stream, carry- 
ing with it up the chimney vitiated air from the lamps or candles, 
and all vapors rising from the table, it is by no means surprising that 
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Fig. 98. 



the air should always be refreshing and healthful. Since this stove 
has been fixed, others have elsewhere been fitted up on the same prin- 
ciple, and have been found to exhibit similar satisfactory results." ^ 

We give in Figs. 96, 97, 98, 99, 100, and 101, plan, sections, and de- 
tails of the fire-place of Joly. It is unquestionably one of the best of 
its kind known. It is easy to set, easy to repair or clean, and easy 
to manage; simple in construction, effective in action, unobjection- 
able in appearance, and eaually suitable for any kind of fuel. 

The fresh air enters under the hearth through a proper duct, and 
passes into the hot-air chamber behind the cast-iron shell forming 

the back of the fire-place. 
Within this shell are placed 

^ I . « J either andirons or a grate, 

Xc-—' •-^^ J according as wood or coal 

^^ — ^ /*! — ^ is to be burned. A frame 
Fig. 97. and damper at the chim- 
ney throat regulate the 
size of the opening. The 

C— • y ) 1 fresh air passes under, be- 
C — • ^^hind, around, and above the 
— • "^ ' shell, and enters well heated 
through the registers at the 
right and left under the man- 
tel. M. Joly has given am- 
ple room for the fresh air, in 
accordance with the correct 
principle of supplying an am- 
Fig. 99. pie quantity of air warmed 
to a moderate degree, rather than a small 
quantity raised to a very high temperature, 
unduly dried and perhaps burned. 
An ordinary sliding blower is attached to the front face of the fire- 
place, for the purpose of in- 
creasing the draught when 
desired. In order to utilize 
the heat of the smoke as far 
as possible, a drum is placed 
above, and by an ingenious 
arrangement of slides the 
smoke may be made to pass 
to the right or left at pleas- 
ure, or to suit the position 
of the brick flue, as shown 
in Figs. 98 and 99; or, 
again, it may be made to pass on both sides, as is shown in the upper- 
most cut. 

Figs. 102, 103, and 104 represent the fire-grate recommended by 

1 Francis LlVyd's Practical Remarks on the Warming ^ Ventilation ^ and Humidity of 
Rooms. London, 1854. 
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Fig. 100. 
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Ihe Engliib CommiBUon appointed for ImproviDg the Sanitary Con- 
diiioa oi Barracks and HoBpitaU. This 
apparatuB, somelimes called the Galtoa 
Ventitating Fire-Place, though simpli:, 
combines the advant^es of many of 
those just described, the heat-radiating 
ribs or flanges of Joly's fire-place, the 
splayed sides of Gauger and Rum- 
ford, the contracted throat, and at the 
j same time furnishes ua with an example 
! of the use of a non -conducting, power- 
I fully radiating materisl for fire-back 
_. „ and immediate contact with the fuel. 

'*■ The grate is placed as far forward in 

the room as possible. The hearth is made of plate or cast-iron. The 
grates are of three sizes, according 
to the cubic contents of the room tt 
be heated. A grate with a fire-open- 
ing of about 40 centimeters is for s 
room of about 150 cuble meters ca- 
pacity; with anopening of 45 centi- 
meters for 250 cubic meters; and Fia )03 
wit)» an opening of 55 centimeters 

, for 350 cubic meters. Beyond thi», two or more 
f grates are required. Between the 6re-clay lump 
I and the iron back of this ?rate is a half-inch air 
^ space to admit a supply of heated air to the fuel, 
i and secure a more perfect combustion of the smoke. 
B This grate is easily cleaned or repaired, the front 
; being secured by screws, which can be taken out 
f when required, and thus render the interior and air 
: chambers accessible. In this fire-place fresh air is 
heated only in the immediate neighborhood of the 
grate, but Captain Galton, in the anpendix to bis 
book on the Construction of Hospitals, recommends 
extending the available heating eiirtace of the smoke- 
flue by carrying it through some fresh-air Hue, This 
plan WHS adopted in the Herbert Hospital in the 
manner shown in the preceding i'ig. 6S, where 
the fire-place is in the centre ol the ward, and 
Dif '?* G^uo' '''^ chimney consequently passes under tlie floor, 
as shown in section in the figure. The flue is 
placed in the centre of a square fresL-air fine (also shown in 
section), which supplies the air to be warmed by the fire-place. 
By this means a heating surface for the fresh air of about four square 
meters additional to that of the fire-place is obtained. The smoke- 
flue need not, of course, descend as in the Herbert Hospital. Instead 
of attempting to warm Ihe fresh lur before it has reached the ven- 
tilating fire-place, which involves a descending smoke Sue, this air 
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may be first passed behind the fire-plfice and then caused 1o I'ircu- 
late around the sinobe-fiue. The smoke then passes off* without 
reversion. The manner in which it may be ac- 
complished is shown in Fig. 105, and in this form 
of chimney we find the true principle of the ven- 
tilating fire-place. The riuliant heat o( the fire 
is increased by the lire-brick backing, while the 
heat of the smoke is utilized for a considerable 
distance up the flue, the fresh air being warmed 
in H chamber remote from the burning fuel. 
The fire-place stands we!! out from the wall. 
The fresh air enters behind and below the grate, 
and enters the room near the ceiling well warmed. 

Figs. 106 and 107 show the plan of this (ire- 
place, the first designed with a grate to burn 
coal, and the second with andirons, and recessed 
deeper, to burn wot>d, Tliis apparatus is simply 
8 modification by General Morin of that deacribrd 
b^ Peclet in 1828 (Fig. 108), in which the frtsh 
«ir passes through a tube, while the smoke sur- 
rounds it as it passes up the brick snioke-fiue. 
This system is inferior to that of General Morin, 
inasmuch as a greater proportion of heat is lost 
by absorption in the surrounding brickwork. 
The ascent of the smoke, moreover, is more 
diflicult on account of the obstructions oflered 
not only by (he roughoess of the brickwork, but 
by the presence of the fresh-air flue, whereas in 
Morin's chimney the round iron pipe furnishes 
a smooth passage of a form tbe most favorable ■. 
possible for the ascent of smoke. F g lOi 

In 1832 Captain Belmas, in the Memorial dc I Ofiici(.r du Genic, 
speaks of a chimney similar in principle to that of Feclet Finiillj 





Hg. 106. From Boic. Fij 107 Ffom BoK 

Douglas Gallon applied the same principle, very slightly modifjing 
the form, in heating the English barracks. 

According to General Alorin, these Sra-phices were designed to 
utilize more effectually than the common focms the heat given out by 
the fuel by introducing a considerable quantity of Iresh air warmed 
to a moderate degree, to replace that which has passed up the chim- 
ney, and also to reduce Ui^ anipunt of cold air entering from tlie 
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outside through the cracks of the doors and windows. " But while," 
h ' ' t first proposed drew in but a small quantity 

oE fresh air, scarcely equal to oae tenth of 
that passing out through the chimney, and 
raisetl it to temperatures of from 90° U> 1 10° 
C. (about aoo° to 250= F,), and often more, 
the forms devised by the ingenious Cap- 
tain Douglas Gallon for the fire-places of 
English barracks have furnished a very sat- 
isfactory solution of the problen, as has beca 
proved by some experiments made with two 
fire-places of this kind at the Conservatory of 
Arts and Trades. Observations show that 
the amount of air admitted to the room at 
the ceiling through the fresh-air ducts at 26° 
C. (about 80° F.) differs but little from that 
passing off up the chimney, so that the ad- 
misuon of cold air through the doors is al- 
ibOBt prevented. This introducljon of warm 



ur, in addition to the 
warmth produced by the 
ordinary radiation from 
the lire, increases its 
heating effect, which be- 
comes as muchasthirty- 
fivepercentof the heat 
produced by the fuel, 
while the common forms 
of fire - place give but 
twelve or fourteen per 
cent, and those supplied 
with Fondet's appara- ' 
tUB hut about twenty per 

Nevertheless, the 
Galton fire-place is but 
little known, and sel- 
dom tAbe found in act- 
ual use. Bosc lays its pij. loj. 
fwlure to the difficulty 
of removing it when worn out, and to the unusual amount of space 
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it requires in the chimney breast. *' This kind of chimney flue," 
he says, ** requires too much room, and cannot be used in our mod- 
ern constructions where 
it becomes frequently 
necessary to carry up 
eight smoke -flues in a 
wall four meters long." 
The same objections are 
urged by Joly, who sa} s, 
**lt is always necessary 
to provide access to these 
double flues for the pur- 
pose of cleaning or re- 
pair, and if they are built 

m the walls, the space 

required for the twenty-^ ""~" " 
Ave or thirty flues of an 
ordinary house would be 
enormous. On the other 
hand, what an effect these 
double envelopes would 
have in our apartments 
if concealed behind mov- 
able cases subject to ex- 
pansion and (contraction 
under the influence of 
the heat 1 The principle 
is good for barracks, but 
why not here simply 
leave tlie flues exposed to view? '' It may be further objected that 
the actual saving of heat by the use of such an arrangement is still 
too limited, although, according to General Morin, it is even greater 
than with the apparatus of Fondet. 

VENTILATING FIRE-PLACES MANUFACTURED IN THIS COUNTRY. 

Figs. 109 and 110 represent in plan and section an excellent form 
of ventilating fire-place made in this country. 

It is similar in principle to the Joly fire-place, but is in some re- 
spects superior to the French example. The back of the grate-is lined 
with fire-clay, by which the radiation is increased and the iron pro- 
tected. Instead of the ribs or gills cast on the outer surface of the 
Joly grate for increasing the radiation of the iron in contact with 
the fresh air, we have here a jacket of corrugated sheet-iron fitting 
closely around the grate. This is an ingenious substitute for the 
fixed ribs, and has the advantage of economy and compactness, while 
it serves at once as a radiator and as a series of hot-air flues con- 
ducting the fresh air upwards, and retaining it in close contact with 
the iron back. 

Above is a drum like that of Joly, but better located, inasmuch as 
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it is farther from the Same, 
an<l is thrown bnck, so that 
while it allows the fresh air 
to imprnge upon its lower 
surface as well as upon its 
sides, it throws the fire-place 
forward into the room where 
its radiation is more effect! ve- 
The drum is also provided 
with acorrugated iron jacket. 
The lur is admitted into the 
room eillier through a regis- 
ter-placed in the projecling 
iron hood just over the grate 
and under the mantel-piece, 
and forming part of the port- 
able fire-place, or it may pass 
up the fresh-air duct sur- 
rounding an iron smoke-fiae, 
to the ceiling, where it may 
be admitted, as in the Galton 
fire-places, through a register 
near the cornice. It may be 
used therefore either with or 
without the double smoke- 
flue, and the warmed fresh air 
may be conducted into rooms 
above as well as into that con- 
taining the fire-place. Figs. 
Ill and 112 explain the man- 
ner in which this is done. 

A novel and \Xfe(u[ feature 
in this (ire-place is the sliding 
blower or blowers of iron em- 
bellished with transparencies 
of mica slate, so constructed 
as to slide back into gas- 
tight pockets. These gas- 
tight pockets afford, it is 
claimed, additional security 
against the leakage of gas 
into the-air healing chamber. 
The blowers, one above in 
front of (he grate, and one 
below in front of the ash-pit, 
may be wholly or partially 
oiHjned. 

Ample space is left behind 
the fire-back for the intro- 
duction of earthen jars or 
other devices for evaporating 
water, or a regular furnace 
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, with ball-cock And 
supply-pan outside. The 
coat ot thia fire -place, , 
which is called the " Fire- 
place Healer," is adver- 
tised at from S45 to S50.1 
Much oE the success 
of these ventilating fire- 
places depends on intelli- 

iollowing out the direc- 
tions given by the manu- 
facturers. The fresh-air 
ducts should have an 
area equal to that of the 
smoke-fiue, in order (hat 
sU the air passing up the 
chimney may be drann 
from that source, and not 
be compelled to enter 
through doors and win- 
dow cracks. The writer 
has used this fire-place 
in one of his office rooms 
during the 'winter, and 
made the following prac- 

ing and ventilating pow- 
ers. The room is the 
same in which the ex- 
periments on the old fire- 
place represented in Figs. 
1 and 2 were made, and 
measured S by 6 by 3 me- 
ters (about 20 by 20 by 
10 feet). 

The old fire-place was 
removed and the ventilat- 
ing 6re-place put in its 
place. We have seen by 
our experiments with the 
ordinary fire-place origi- 
nally used in the office 
that the combustion of 
three kilograms of wood 
served to raise the general 
temperature of the room 
but 1° C. Although the 

1 Sbaulketand b; the ( 
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outside air stood as high as 13^ C. above freezing, it was still 6^ be- 
low that of the room when the experiment was begun, and as there 
was no furnace in the building, the air to supply the draught was 
obliged to come in un warmed from the outside, and was sufficiently 
cold to combat successfully the heat of the fuel, of which we found 
only six per cent was utilized, the remainder, or ninety-four per cent, 
passing away up the chimney to be utterly lost. 

EXPERIMENTS WITH THE " FIRE-PLACE HEATER." 

The first of our experiments with the ** Fire- Place Heater " were 
made on the 1st of January, 1879, when the external air stood at 0^ 
C. At the beginning of the experiment, the thermometer in the 
room stood at 1 1.25° C. ; four kilograms of dry pine wood were burned. 
At the end of half an hour the mercury had risen to 15.50° C, and 
from thence it began gradually to fall as the fire went ouc, until at 
the end of an hoiir it stood at 15°. The fresh air was conducted to 
tbe back of the heater through a brick fiue opening to the outer air 
under the window. It entered the room warmed through two open- 
ings just under the mantel, right and left, over the heater. 

The following table gives the result of the test: — 

TABLE III. 
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The table shows us that three kiloo:ram8 of wood burned in this 
fire-place raised the temperature of the room 4i° C, or over four 
times as much as the same amount burned in the ordinary fire-place 
accomplished. 

The heat saved from the back of the fire-place was sufficient to 
raise the temperature of 2,229.90 -f- 878.85 = 3,108.75 cubic meters of 
air 1° C. Or, since one cubic meter of air weighs 1.3 kilograms, 
3,109 cubic meters would weigh 4,041.7 kilograms, and the specific 
heat of air being 0.24, we have 4,041.7 X 0.24 = 970 heat unfts 
saved. Add about ^ for heat still remaining in the back and sides 
of the fire-place at the end of the experiment, and we have a total 
of about 1,000 units of heat saved by this apparatus in every 4 kilo- 
grams of wood. 

If we assume as before that 1 kilogram of our dry wood yielded 
3,590 units of heat in the process of combustion, 4 kilograms would 
have yielded 14,360 upits. Therefore, our 1,000 units saved would be 
equivalent to 7 per cent of the whole amount of heat possible to be 
obtained from the fuel. Add 6 per cent for that due to direct radi- 
ation, and we have 13 per cent utilized, or over twice as much as 
was obtained from the ordinary fire-place. With coal the amount of 
heat utilized would be 7 -f- 13 = 20 per cent, or the same as is ob- 
tained from the apparatus of Fondet, according to the calculations of 
General Morin. If, in connection with this heater, the double fine 
of Belmas or Galton is used, as is recommended by the manufact- 
urers, the saving may be 5 or 10 per cent greater, making a total of 
25 or 30 per cent. In order that the conditions under which this 
heater was tested might be as nearly as possible the same as those 
attending the test made on the old fire-place recorded in Table I., 
another experiment was made later in the season, when the ther- 
mometer of the external air stood at 13° C. The air. of the room 
was raised by the combustion of 3 kilograms of wood from 17° to 21°, 
or again, 4° C, and in all the experiments the temperature in all 
parts of the room was very nearly the same. The entrance of cold 
currents through door and window cracks was almost entirely 
avoided. The movement in the air was imperceptible, yet the venti- 
lation was perfect, and no disagreeable odor was perceptible for any 
length of time, even after the room had been filled with mechanics 
and laborers. We see by columns 7 and 8 that there passed into 
the room a ventilating current of warm air at the rate of over a cubic 
meter a minute from each of the two registers, making together in 
the hour over 160 cubic meters. This air was at no time heated 
above 32° C, and averaged about 22°, — a mild and pleasant tempera- 
ture. 

A test was also made at the top of the chimney to ascertain 'the 
temperature of the air as it issued from the mouth. The thermom- 
eter rose as hi^h as 82°, and then began to fall. By Table I. it will 
be seen that the temperature with uie old fire-place rose to 84° 
and 90°. The difference by this test was, therefore, apparently unim- 
portant, though a careful measurement, with the anemometer and 
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thermometer, of the hent nnitH thronn out would 
have shown a saving correepoDilia^ with that de^ 
tect«d below. 

Pig. 113 gives a sectional cut of another (ire- 
place manufactured by the same companj*. This 
apparatus consists of a doable stove, the inner one 
being used to hold the fuel and carry off the prod- 
uets of combustion, and the space between tb« 
inner and the outer serving to warm the fresh sir 
to be introduced into the room. If a blower be 
used over the fire, the open fire-place is converted 
into a close stove or furnace, with fresh-air flues, 
ete. It is unquestionahl}' one of the most satisfsc- 
] in this country, designed for combining health 
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lufacturcd in this country ani 



tilatinc fire-place, called the IKmmick Heater, of which Figs. 114 

and 115 give perspective view and vertical section. 
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The priDciple of this healer is the same as in the apparatus rep- 
reseated by Figs. 76 and 77. It has, however, this advanti^e o»er 
the latter, ihat the upright freah-nir tubes are joined together bo as 
to form an air-tight nre-back, and enter a common hot-air chamber 
directly over the flame, haTing its lower 
side inclined at an ani;le irith tlie back 
so as to reflect the heat into the room and 
throw the flame forward. This arrange- 
ment of the tabes and hot-air box gives 
the 6re-place a more desirable section for 
radiatin<> heat. As for the artistic effent 
of Ihe exterior, none of ihe ventilaling 
fire-places heretofore represented have 
much to claim, and in the present case 
it it possible to conceive of a fonn more 
pleasing than that represented in our cut. 
But a slight modilicaition in the treat- 
ment of the hood would probably be 
sufficient to remove all objection on the 
score of appearance. 

The fresh air, after having been heated 
in the tubes and box, is either conducted 
immediately into the room through re<;- 
isters opening under the mantel, or it 
rises in a double flue to the ceiling or to 
the rooms above, as shown in the sec- 
tion (Fig. 116). 

In order to make an accurate test of the 
beating power of this fire-place, the writ- i 
er had one placed in the room in which 
the previous experiments were made, ' 
and obtained ttie following results; — fig. us. 



The heater was set out in the room in front of the mantel, and 
the fresh air conducted through a brick flue direct from the outside 
to the iron chamber under ibe upright tabes. The heated air en- 
tered the room through two openings perforated in the upper hot-air 
box over the fire alrcaily described, one at the right, having an area 
of 40 square centimeters, and one at the left, having an area of 101 
square centimeters, and it was assume<l Ibat the volume of the fresh 
air given out by each was in proportion to the size of the opening, 
while the remperatare was the same. The observations were made 
upon the right-hand opening. In order to protect the thermometer 
from the direct radiation of the iron, a brick flue was built around 
this opening and carried outwards horizontally about eight inches, 
and thence upwards about a foot, so that a thermometer hung in the 
upright portion of the flue would indicate with greater accuracy the 
temperature of the hot-air current and not be greatly influenced by 
radiation from any outward source. 
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At the time of the experiment recorded in the followinor table, from 
nine to eleven o'clock in the evening of April 11, 1879, the outside 
air stood at 4° C. , and the air in the room at 1 6^. The anemometer 
was again tested in a current of air of known velocity, and found to 
be accurate. The allowance to be made for friction was recalculated, 
and found to agree with that made in the previous tests. 

Three kilograms of dry pine wood were burned, and the amount 
of ventilation effected and heat saved by the apparatus is shown by 
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.1 
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66 


20 


89 


.186 
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67 


35 


^ 
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68 


29 


42 
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88 


45 
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67 
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66 
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6 


77 


57 
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78 
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7 


88 


67 
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79 
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8 


88 


68 


.23 




84 
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9 


90 
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86 
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on. 


10 


98 


68 
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91 


22.9 






11 
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64 


24 




97 


24 






12 
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66 
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99 
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18 
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70 


;^ 
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14 
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81.1 




Fire begins to de- 


16 
16 
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63 


.262 
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19 
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62 


•26 
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28 






20 
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61 


•2^ ' 
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27 






21 
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60 


•2^ 




114 
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22 
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60 
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26.9 






23 
24 


'^ 
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26 


112 
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24.6 




No more flame 
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1 


2 
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4 


5 


6 
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66 
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104 


23 






27 
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66 


•22 
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22 






28 
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64 
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22 






20 


54 
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99 
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80 
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^l 


21 




96 
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81 


99 


62 
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95 


19 






82 
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18 






88 


%\ 


60 
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89 
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89 
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16.8 
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40 


80 
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.168 


.9 


76 


12.8 


75 
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40 
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66 


10 
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6 
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.6 
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40 
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81 


2 
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2 
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80 
85 
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.3 


1 


i 
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40 


27 


20 


.06 


.2 


1 
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45 
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20 


06 


.2 


21 


1 
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60 


23 


20 


06 


.2 


19 


1 


6 

I 
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2 

1 


















09 






16.4 


1,180 





NoTi. — Besults obtained by calenlatlon axe indicated in heary figures. 

This table shows us (column 6) that the heat saved from the back 
of the fire-place and issuing with the air through the right-hand open- 
ing of 40 square centimeters area was sufiicient to raise the tempera- 
ture of 1,180 cubic meters of air 1° C. The other opening, having 
an area of 104 square centimeters, must therefore have given out heat 
sufficient to raise 1,180 X ^^ = 8,068 cubic meters of air 1© C, 
the two making a total of 8,068 + 1|180 = 4,248 cubic meters. 
Since, as before, 1 cubic meter of air weighs 1.3 kilograms, and the 
specific heat of air is 0.24, we have 4,248 X 1.3 X 0.24 = 1,325 
heat units saved by this apparatus in every 3 kilograms of wood. 

Assuming that the 3 kilograms of wood here used yielded 10,770 
heat units in the process of combustion, our 1,325 units saved would 
be equivalent to tVW^ =12 per cent of the whole. Add 6 per cent 
for that due to direct radiation, and we have 18 per cent for the 
total amount of heat realized from the fuel, or just three times as 
much as was obtained from the ordinary fire-place. With coal the 
amount of heat utilized would be 12 -f- 13 = 25 per cent, or 5 per 
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cent more than is obtained from the apparatus of Fondet, according 
to the calculations of General Morin. If, again, in connection with 
the Dimniick Heater, we use the upright double flue as shown in the 
sectional cut, the heat realized is increased 5 or 10 per cent, making 
a total of 30 or 35 per cent. It therefore appears from these exper- 
iments that the calorific power of the Dimmick Heater is somewhat 
greater than that of the '* Fire-Place Heater." But, whereas the lat- 
ter threw into the room during the combustion of 4 kilograms of 
wood, as shown by columns 7 and 8 of Table III., 82.05 -(- 78.85 = 
160.90 + (^ X 160.9) = 169 cubic meters of air heated on the 
average to a mild temperature of 22*^ C, and at no time exceeding 
32° C, the Dimmick Heater supplied only 16.4 + (^ x 16.4) =17 
cubic meters through the right-hand opening, and 17 X ^^ = 44 
cubic meters through the left-hand opening, or a total of 61 <;ubic 
meters during the combustion of 3 kilograms of wood. Or for 4 kil- 
ograms 61 + J (61) ^ 80 cubic meters heated during 20 minutes of 
the time up to 100° C, or the boiling point of water, and at one time 
as high as 121° C. By using a fire-clay back in frpnt of the cast- 
iron tubes, and by either increasing the size of the fresh-air passages 
or else allowing the fresh air to circulate behind the tubes as well as 
through them, the heater might be materially improved, and a still 
greater percentage of saving obtained. This improvement might 
be made in setting, without altering the castings. The cold air en- 
trance pipe shown in Fig. 115 should be increased in size, and should 
receive the air behind as well as under the upright pipes. It should 
be provided with a simple damper to diminish the supply of cold air 
at pleasure to correspond with the ventilation required or the amount 
of fuel burned. The air passing up behind would then serve not 
only to lower the temperature of the pipes themselves by extract- 
ing some of the heat which would otherwise pass off, by absorption, 
into the brickwork, but also to diminish, by dilution, the heat of 
the air issuing from their tops, and improve the ventilation of the 
apartment by introducing into it a larger volume of air heated to a 
lower temperature. Even as it is, it ranks as one of the best and 
most powerful ventilating fire-places of its kind yet known to the 
public. It is advertised at from $40 to $50, with $10 extra for flue to 
carry heat to ceiling or to story above. ^ 

The above Tables III. and IV., although records of single experi- 
ments, are representatives of a large number made to verify each 
other. The tests were made with such care that the results were 
closely similar where the amounts of fuel burned were the same, and 
its hygrometric condition the same, t. e., containing about ten per cent 
of water. 

Where larger quantities of fuel were burned, the saving of heat 
would vary in proportion, on account of the varying absorption of 
heat in the walls of the heaters and in the brickwork. There 
should also be a slight variation, for the same reason, between the 
calorific power of the heaters themselves, corresponding to variations 

^ It can be had of the Dimmick Heater-Company, Cincinnati, Ohio. 
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case of the 

In order to ascertain these differences, as well as to test more fully 
the accuracy of the results previously obtained, careful experiments 
were made on twd successive evenings, on the Dimmick Heater, and 
on the Fire-Place Heater. These two heaters may be taken as types 
of the various kinds of venljlatjng fire-places heretofore described, 
and their calorific poner once accurately obtained, ne have a gauge 

These may be divided into two classes, the first having hot-air cir- 
culation tubes, and the second having a radiating drum above the fire 
and a smooth or ribbed ^ell for its fire-boic. The Dimmick Heater 
represents the first, and the Fire-Place Heater the second class. The 
experiments were made under similar conditions with those previously 
made, but burning in each case eight kilograms of wood, instead of 
three. Most of the experiments herein described having been made 
after office hours, the liability to interruption was avoided and greater 
accuracy assured. 

Great care was taken to protect the thermonieters by plates of 
glazed tile from the direct radiation of surrounding objects likely to 
aSect them. The experiment recorded in Table V. was made on the 
Fire-Place Heater ; that in Table VI. on the Dimmick Heater. In 
the former the size of the left-hand register was slightly enlarged 
beyond what it had been in the previous experiments, measuring 
in this 150 square centimeters in area nnd in ibe previous only 140 















TABt 


E 


V. 
















It 


ll 


11 


li 










1 


1 


i1 


i! 


11 
'I 










i 

i 

9 


1 


is 




ll 


Bemutl, 










6 


7 


B 


9 


10 


»20 


12° 


^F 




T« 


.M 


~»i" 


"iioT 


.9S 


Fire Dgtaied. 




26 


17 


13 




76 


















22 








l!lB 








80 




2J kilo, put OD. 




86 




17 




67 


1.3S 




I* 




30 




(Sdkllo DUtOD 




*0 




20 




67 


1.01 








m 


4 


|1U kilo, put on. 






















00 


.2 


4th kilo. pu< oo. 














M 








69 


.9 






u 


19 






66 


.oe 




S6 


Si 


64 




6th kilo, put on. 


10 




60 












H 




00 


















'.t& 








75 


7,2 


6th mio pulnn. 




10 




80 




W 


.85 




^ 


« 


46 


7.2 


, 7(h kilo, put 




u 


ta 


80 




64 








2a 


46 


4.0 


on. 



80 



The Open Fire-Place. 









TABLE 


V. (Continued.) 






1 


2 


8 
80 


4 


6 


6 


7 


8 


9 


10 


.20 


60 


64 


64 


.81 


.70 


40.60 


14. 


8th kilo, pat on. 


.26 


61 


81 


66 


64 


1.00 


.70 


61.00 


14.7 




.80 


61 


81 


79 


64 


1.19 


.70 


60.70 


14.7 




.86 


60 


80 


97 


64 


1.46 


.70 


78.00 


14.7 




.40 


66 


29 


66 


46 


1.00 


.68 


46.00 


11.0 




.46 


62 


27 


66 


64 


1.00 


.70 


42.00 


11.9 




.60 


47 


26 


66 


66 


1.00 


.86 


87.00 


10.2 




.66 


46 


24 


66 


48 


1.00 


.62 


86.00 


8.7 




11. 


40 


20 


66 


48 


1.00 


.62 


80.00 


6.2 




.06 


89 


19 


66 


64 


1.00 


.70 


29.00 


6.8 




.10 


88 


18 


66 


67 


1.00 


.74 


28.00 


6.9 




.16 


86 


18 


68 


64 


.96 


.70 


24.70 


5.6 




.20 


86 


17 


67 


64 


.86 


.70 


21.60 


4.9 




.26 


83 


17 


64 


64 


.81 


.70 


18.68 


4.9 




.80 


82 


17 


61 


64 


.76 


.70 


16.72 


4.9 




.86 


80 


16 


48 


64 


.72 


.70 


16.84 


4.2 




.40 


29 


16 


46 


64 


.67 


.70 


18.40 


4.2 




.46 


28 


16 


89 


54 


.68 


.7 


10.44 


4.2 




.60 


27 


16- 


81 


64 


.47 


.7 


8.00 


4.2 




.66 


26 


16 


81 


64 


.47 


.7 


7.62 


42 




12. 


26 


16 


81 


64 


.47 


.7 


7.06 


4.2 




.06 


24 


16 


81 


54 


.47 


.7 


6.68 


4.2 




.10 


23 


l/> 


81 


64 


.47 


.7 


6.11 


8.6 




.16 


22 


16 


81 


64 


.47 


.7 


6.64 


3.6 




.20 


21 


16 


81 


54 


.47 


.7 


6.17 


8.6 




.26 


20 


15 


81 


64 


.47 


.7 


4.70 


8.6 




.80 


19 


14 


81 


64 


.47 


.7 


4.23 


2.8 




.86 


18 


14 


31 


54 


.47 


.7 


8.76 


2.8 




.40 


17 


14 


31 


64 


.47 


.7 


8.29 


2.8 




.46 


16 


14 


81 


64 


.47 


.7 


2.82 


2.8 




.50 


15 


14 


81 


64 


.47 


.7 


2.85 


2.8 




.55 


14 


18 


81 


64 


.47 


.7 


1.88 


2.1 




1. 


18 


18 


81 


64 


.47 


.7 


1.41 


2.1 






1034.62 


825.0 


















5 


5 






5172.60 


1625.0 


















Total, 


6172.6 
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square centimeters. Both heaters were set in the most careful man- 
ner, so as to insure the best contact of the fresh air with their 
heating surfaces, and the observations were taken nearly every min- 
ute, although only one in every five minutes is recorded in the ac- 
companying tables, on account of want of space. The calculations 
were made on the figures for each minute, and the sums of the results 
obtained for intermediate minutes not here recorded are placed in the 
tables opposite those given. 

By Table V. we find the heat saved by the Fire- Place Heater 
in burning eight kilograms of wood was sufficient to raise the tem- 
perature of 6,797 cubic meters of air 1° C. This is equivalent to 
2,1 21 heat units. Assuming that our eiorht kilograms of wood, contain- 
ino: about ten per cent of water, yielded 8 X 8,590= 28,720 units, the 
amount saved was again seven per cent, as in the previous experiments 
of which Table III. records one. Add six per cent for radiation, and 
we have again thirteen per cent utilized where wood is burned, 
and 7 -f- 13, or twenty per cent, where coal is the fuel, and with the 
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upright double flue attachment twenty-five per cent or thirty per cent 
as before. We see by this table, columns 1 and 10, that, while it 
took but a little over an hour to burn up the eight kilograms of wood, 
the heat remained in the fire-back and brickwork for over two hours 
and a half after the wood was burnt out, and that, indeed, more heat 
was given out after the fire had gone out than while it was burning. 

TABLE VI. 
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fiy Table VI. we have an equivalent of 2,645 cubic meters raised 1° 
C. for the opening of forty iquare centimeters area, and 3,615 x V^ ^ 
6,SI7 cubic meters raised 1° C. for the other opening, making a total 
of 9,fi22 cubic meters. This is equivalent to 2,971 heat units, makin? 
a saving of thirteen per cent, or one per cent more than iras obtained 
hy the previous experiment recorded in Table IV. 

Fig, 116, redrawn from Johnson's Encycli^Kdia, represents a ven- 
tilating fir«-place exhibited in the English Department of the Cen- 
tenniaT Exhibition of 1876. It is very similar to the Dimmick Hester 
in principle, tboughwidelv different intbe appearance of the exterior 
and in tne manner in nbicb the heated air is introduced into the 
apartment. These two fire-places are not provided with set blowers, 
as is the case with the Fire-Place Heater, and with the various forms 
of the Baltimore Heater, so called. In the Fire- Place Heater a fire 
may be kept over night by replenishing with fuel before retiring and 
leaving all blowers wide open and the base draught damper slides 
closed. If it be desired to put out the fire altogether, the lower 
sliding-blowers and the base draught damper should be shut and the 
upper blower slide left wide open. On the other hand the fire may 
be made to burn out slowly where the chimney draught is strong, 
by shutting all blowers. There will be sufficient inHow of air through 
crevices to bum out all fire te- 
fore morning. Thus the fire 
it quite under control, and may 
be regulated to suit any con- 
dition by properly adjusting 
the blowers and the sliding 
dampers in front of the base 
of ine stove. When these 
blowers are closed the Fire- 
Place Heater is somewhat sim- 
ilar in exterior appearance to 
the Baltimore Heater, but more 
inviting - looking for private 
houses as having less the ap- 
pearance of a fornaco in the 
arrangement of the blowers. 
The Baltimore Heater is said 
to have tieen invented about 
thirty years i^ bjr Latrobe, 
and was for some time called 
the " Latrobe Heater." It ia 



Bibb& ,_._., 

the " Lawson's Fire-Place Furnace," manufactured by Fuller, War- 
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ren & Co., at Troy, N. Y., and the " Sunnyaide Fire-Place Healer" 
of Stuart, Peterson & Co., Philadelphia. These heaters are really 
nothing more than small furnacee, set in an ordinary fire-place under 
a mantel. They have regular swinging furnace doors, provided with 
transparent mica panels arranged in tiers over each other like the 
windows of steamboat staterooms. They have, however, this great 
advantage over the ordinary furnace, that though they cannot be con- 
verted into an open fire-place at pleasure by simplv sliding the blow- 
era into side pockets, they nevertheless furnish direct radiation in 
that part of the house where it is needed and healthful rather than 
in the cellar where it is worse than useless. These heaters are pro- 
vided with double flues to utilize the heat of the smoke in the man- 
ner already shown in Figs. Ill, 112, and 115. 

Figs. 117 and 118 show a Yankee method of treating the Gal- 
ton nue in a " tasty " 
manner. The outer i 
pipe takes the form 
of " an elegant atove," ' 
and is placed in the | 
room in front of the 
fire - plajje which is . 



"closed up 
ly with a scr 
With all il 
what a cheerless and 
uninviting effect is 
produced, and how 
false the treatment 
both artistically and 
economically 1 In one 
sense the design is 
true i the heat is gen- 
erated by a stove l>e- 
low and by a stove 
above it is repre- 
sented. But in every 
other sense it is false. 
The envelope has the 
form of a heat-gen- 
erator without per- 
forming its functions 
of consuming fuel or 
producing ventilation, 
and the fire-place is 
a sham of the worst 
kind. Practically this 
treatment is in every 



respect contrary to ilie correct principles of heating, and the venti- 
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Ution of the room is by it reduced to a minimuni, notwithatandiQ 
the deceiving presence of the fire-place, even when unscreened. 

The radiator, instead of warming fresh air from the outside on it 
entrance, as it should, simplj creat«s » feeble current in the neigh 



borbood of the stove itself, without changing the air of the room, 
and what fresh air will find unvelcomed entrance must squeeze iteeli 
in through door and window cracks, contraband, end do what mis- 
chief it can in revenge for its cold reception before it is hustled out 
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again through the fire-place opening, 
draught is produced by this fii 

absolutely hostile to ventilation 
than the famous an ti- ventilat- 
ing; German porcelain stove it- 
self. It is worse than the ordi- 
nary stove, because it is neces- 
sarily hermetically sealed for 
the sake of the draught in the 

JACKSON'S VENTILATISG 

We come now to a form of 
ventilating fire - place which 
combinea to a rema,rkable ex- 
tent the desiderata heretofore 
set forth, and at the same time 
presents a moat pleasing ex- 
ternal appearance. In tlie 
front elevation (Fig. 121) we see 
apparently nothing more than 
the usual open fire-place with 
a frame decorated in a taste- 
ful manner. The fresh air 
enters the room through the 
open-worked top of the frame 1 
at F. The section (Fig. 119) I 
shows us the manner in which 
this fresh air is warmed. It ^*' 

enters the lower chamber B B through the register A, where it Is 
partially warmed before it rises to the chamber surrounding' die 




back and sides of the fire-place. Thence it enters the chamber. D, 
where it plays around the short tubes forming the chimney throat, 
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and passes thence through the perforated frame above described into 
the apartment. Fig. 12a shows the plan of the grate and the ap- 



paratus for shutting off the freah-air supply. This latter consisti 
simply of a disk of iron rotated by a lever so as to close vholly o: 
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in part the mouth of the fresh-air duct shown in section at A. Fig. 
120 shows the small smoke-pipes in the chimney throat with the 
fresh-air chamber surrounding them. 

Table VII. shows the heating power of the Jackson Fire-Place. 
Before lio^htincr the fire the anemometer at the register was motion- 
less, showing that the air was stagnant, and the ventilation nothing, 
or at least imperceptible, inasmuch as the doors and windows were 
tightly closed. 

The moment the fire was kindled a current of fresh air set in, and 
in a few moments became powerful enough to blow out the light of 
a candle held in it, and warm enough to melt the wax. As will be 
seen by the table it poured into the room at the rate of one hundred 
and thirty-eight meters a minute, heated nearly to the boiling point 
of water. Indeed, so great was the heat that the metallic part of 
the anemometer held in the current soon became too hot to touch, 
and showed that where hot fires are needed the mantel-shelf used 
over these fire-places should be constructed of terra-cotta, marble, or 
«ome incombustible material, in order to avoid danger of destruction 
by the heat. 

In order to render the tests more reliable, a wooden box or flue 
was built around the fresh-air inlet register, to collect the air and 
•conduct it outwards and upwards so that the thermometer placed in 
the current would be protected from radiation from the fire-place and 
other external sources. The air thus collected entered the room, of 
course, in a stronger current than it would otherwise have done. 

By the combustion of 3 kilograms of wood enough heat was 
saved to raise the temperature of 9,671 kilograms of air 1° Centi- 
grade (supposing the air at 0°, 20°, 40°, 60°, 100°, weighed respec- 
tively 1.3, 1.2, 1.1, 1, and 0.9 kilograms per cubic meter). This is 
■equivalent to 2,321 units. The wood used in the experiment con- 
tained 9 per cent, by weight, of water. Allowing for perfectly dry 
wood 4,000 units, our wood would yield .91 X 4,000 = 3,640 units 
per kilogram, and for 3 kilograms 10,920 units. But to evaporate the 
.09 of water contained in the wood would render latent (531 -4- 75) X 
3 X •09 = 1 64 units of the heat generated. This should therefore 
be deducted from the 10,920 units, giving an available power of 
10,756. In the above equation 531 represents, according to Despretz, 
the number of units rendered latent in transforminoj 1 kilog. of water 
at 100° Centigrade to vapor under ordinary atmospheric pressure, 
and 75 represents the number of units required to raise to the boil- 
ing point the temperature of 1 kilogram of water from 25° Centi- 
^ade, which was the temperature of the outer air and of our fuel at 
the beginning of the experiment. The amount saved, 2,321 units, 
was therefore tWVjt =21 per cent of the total available heat 
generated. Add 6 per cent for that obtained for direct radiation, 
and we have 27 per cent utilized. Adding, as before, 5 per cent 
i^rhere the upright iron flue is added, and we have a grand total of 32 
per cent obtained by the Jackson Fire-Place. 
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Few persons realize the extent to which kiln-dried wood reabsorbs 
the moisture expelled by the drying. The wood used in the experi- 
ment had been kiln-dried , but had again absorbed from the atmos- 
phere 9 per cent of water. A portion of that used was cut up into 
small pieces and weighed. It was then redried and weighed again. 
The drying was conducted in an air bath maintained at a tempera- 
ture of 150° Centigrade. Before drying the sample weighed 36.156 
grams, and after drying only 33.169 grams, showing a loss of 2.986 
grams, or nearly nine per cent of the whole ; or, in other words, 
that the kiln-dried wood used in our experiment had reabsorbed 9 
per cent of water from the atmosphere. 

In testing the wood used in the experiments on the Dimmick and 
Fire-Place Heaters, the sample, weighing 22.683 grams, lost, after 
drying for twenty minutes in air heated to 150°, 3.097 grams, or thir- 
teen per cent of its weight. A further exposure for three hours to 
the drying heat reduced its weight only twenty-two ten thousandths 
of a gram, so that the wood might then be considered as practically 
dry. The sample was then exposed for a week to the air of the 
house, and again weighed. It was found to have regained the greater 
part of the water expelled by the drying. It weighed 21.33 -|- grams, 
showing a gain of 1.774 -|- grams, or seven per cent of its weight. 
The rapidity with which kiln-dried wood, when fresh from the kiln 
and very dry, absorbs moisture from the air was shown in the process 
of weighing our samples. When placed on the scales immediately 
after drying it was found to gain two or three ten thousandths of a 
gram per minute. These experiments on the dryness of wood show 
how much the calorific power of the material is affected, not only by 
the method of preparing it, but also by the time it has stood exposed 
to the air after drying, and even with the condition of the atmosphere 
at the time of its use. The kiln-dried wood tested showed a variation 
of 8 per cent in the amount of moisture it contained after drying. In 
other words, its available calorific power varied between 4,000 and 
about 3,600. Hence the importance of knowing the hygrometric 
condition of our wood before making our experiments. Hence, also, 
the economy of seeing that the wood we buy for fuel is perfectly dry. 

These experiments were made in the laboratory of Mr. W. E. C. 
Eustis, whose liberality in offering me the free use of a set of scales 
of unusual delicacy, and other apparatus needed, I take this occasion 
gratefully to acknowledge. 

In another experiment made on the Jackson Fire-Flace quite a 
strong breeze was blowing into the fresh-air duct from the outside, 
so that the anemometer recorded an entering current of 70 meters per 
minute before the fire was lighted. This outside pressure of course 
increased the effectiveness of the heater, and the saving amounted 
to about four per cent more than when the air outside was still. 
This test was made on the very warm evening of June 25, from nine 
to twelve o'clock, the thermometer outside standing at 25° C. (77° 
F.). In winter, when the difference between the outer air and thai 
of the fiue is lower, a greater saving of heat is realized from any of 
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tbeee heaters, but the experiments lose in accuracy, partly on ac- 
count of the difficulty of metisuring the temperature of ttie inflowing 
fresh-air current at the beginning and end of the experiment. The 
tbernoDieter is influenced by radiation from tlie surrounding objects 
in the room, from which it is, of courxe, impossible to protect it ab- 
Bolutelv. IF it were possible it would indicate a temperature of over 
a hundred degrees below the freezing point of water, the temperature 
of celestial space being, accord log to Pouillet, as low as-IdO° C. 
Onlj* an approximate degree of accuracy can, therefore, be expected, 
and it is greatest when the temperature of the room is nearest that 
of the inflowing air currents, as is the case in summer. 
The Jackson Fire-Place is at present ninoufactured in two sizes 
only. The price now 
(1 880) of the smaller size, 
SO in. wide and 32 in. 
high, requiringa fire-place 
opening in brickworlc 28 
in. wide, 32 in. hi^h, and 
15 in. deep, is S85, in 
brass ; $6d all nickel- 
plated or bronzed; or 855 
black, with nickeled bas- 
ket. Another size, made 
for very large rooms, is 
39 in. wide, 36 in. high 
(outside of frame), and 
■ requires a fire-place 32 in. 
wide, 36^ in. high, and 15 
in. deep. They are to be 
obtained of Edwin A. 
Jackson and Brother, No. 
31G E. 28th Street, New 
1 York. 

With any of the fire- 

I places mentioned herein 

a flue for disposing of the 

nshes may be constructed 

below the grate, as shown 

in Fig. 123. The flue 

forms an ash-pit, into 

which the ashes tall from 

tlie grate when shaken or 

dumped. The ashes are 

then removed through the 

door B, in the basement at 

I the bottom of the flue. A 

" soufBel " pine, D, has 

'■ been provided, through 

which air may be taken from below to increase the draught, when 
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desired, after the principle of the Winter Fire- Place; but the soufflet, 

in a well-constructed fire-place, is unnecessary, and its uae is only to 
be recommended when better construction is impracticable. 

Id the fire-place represented in the accompanying cut. Fig. 124, 
called the "Franklin Reflector," the smoke circulates behind and 
below the fire, as indicated by the arrows, in orde 
radiating surface of (he heater. But no Fresh air is brought in 
with these surfaces, and they are not arranged in the mane 



He. 12*. Fiankiin Reflactor. 
calculated to give out their heat. The reflecting surface over the 
fuel is intended to perform the double office of reflecting the rays of 
heat from the fire into the room, and of turning the currents of air 
from the room upon the fire, thus securing the greatest amount of 
radiation, and producing a more complete combustion of the fuel, 
while it also diminishes the amount of cool air entering the chimney 
flue. The same objects were accomplished by the fire-place ot M. 
Touet Chamber, already described in Fies. 42 and 43, where the 
precaution was tt^en to provide openings >^ve the reflector, for the 
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purpose ot cirrying the smoke directly into the flue when the fire was 
Bret lighted. We believe that, with certain modifications hereafter 
to be suggested, the Franklin Reflector may be made to combine in 
the form of a store most of the advantages possible to be obtained 
by an open fire-place. It is manufactured by James Spear & Co., of 
Philadelphia. 

To conclude onr historical sketch, we have reserred a fire-place 
described by Peclet in his " Treatiie on Heat," and shown in Fig. 



125,asthubestinprinciple, and one which, though crude and defecfive 
in form, is yet most likely to lead to important results. 

The principle of this device is the formation of the chief heating 
surface above the fire-place, and in the waste space behind the 
chimney-breast, rather than in tbe immediate neighborhood of the 

The great advantages of the arrangement are (1), the acquirement 
ot ample room in the waste space of the chimney- breast for the 
proper development of the heating surface; (2), the removal of this 
surface from immediate contact with the fire, by which it may be 
overheated to the injury of the fresh air, and finally destroyed; (8), 
the detachment of the air-heating surfaces from the fire-place proper, 
which may, therefore, be made of any form or material desired. If 
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the lire-place already exist it may be left untouchei], except above, 
where it has to be connected with the air-heater; (4), the facility 
with which the heating surface may be reached for cleaoing, repair, 
or renewal without disturbing fire-place or mantel; and, finally (5), 
the eimpliuity and cheapness of its constructioo. Notnithatanding 
its evident advantt^es, the principle was left undeveloped, and as 
the apparatus described by Peclet was defective it was abandoned. 
It was seen that the bends in the smoke-flue and the reversed course 



of the smoke were liable to injure the draught and corrode the pipe. 
These dilBuulcies were easiest removed by simply pulling the pipe 
out straight again, which was accordingly done at once, and all that 
remained was the original Gallon flue. Thus the problem was solved 
somewhat after the manner of the Gordian knot, and the device was 
summarily consigned lo oblivion. Thus it is that the fire-place of 
to-day stands in practice nearly as it did at the time of Gaui;er. 

The English, whose national fondness for the old open fire-place 
ought to have led them to study its utmost development, seem, with 
their characteristic slowness to adopt new and foreign methods, to 
have stubbornly refused to follow any other course than that laid oat 
for them by Rumford. 
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The GermRDS »re satidied with their porcelain stove. 

The French have been ta hasj working up the Ganger fire-place 
that they have not yet thought of looking behind the chimney-breut 
to reflect upon the waste o{ useful space; aod the Americaas have 
been too busy with everything else to give the subject any thought 
at all. 

The fire-place ^iven in Fi^s. 126 and 127, for instance, just brought 
out in England with &;lst, indicates the tendency in that country. 
A correspondent of the London Ttmta of January 30, 1877, writes of 
this form of fire-place: it "has excited moch attention, for I have 
received in two days more than two hundred letters on the subject. 



to which printed replies will be sent in a few days. Many of these 
letters are from hospitals, public schools, military and other public 
institutions," etc. Yet ihey are nothing more than a modification 



of the Eumford grat«, and yield, at the utmost, but from 5 U 
cent of the heat generated by the fuel, while they retain all the radi- 
cal detects of the ordinary fire-nlace. 

Constructed upon a principle quite the reverse of that of the 
Franklin Reflector, they are set high, and are in form high, narrow, 
and shallow, instead of low, broaH, and deep. They have the ad- 
vantage of heating the floor better for being set high, and occasion 
less dangerons draughts around the feet. Their shapw ia favorable 
for the slow combustion of coal, and for radiation ; but they are not 
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suitable for burning wood, since their depth is not over 4^ inches 
from back to front at the base, and b^ inches at the level of the top 
bar. The floor of the fire trough is oi fire-brick, and not of grating, 
so that air passes into the fire through the front of the grate, and not 
under it. This causes the coal to burn slowly, and each coal glows 
on the side toward the room. Coke, with a small admixture of coal, 
may be burned in them, instead of coal alone. 

The Englishman, proud as he is of his careful arrangements for 
domestic comfort and luxury, is outdone in this most important par- 
ticular even by the inhabitants of distant Asia.^ The Persian enjoys 
his pipe before an open fire-place as much more rational in construc- 
tion as it is more pleasing in appearance than the comparatively 
miserable object now receiving the commendation of the civilized 
Briton. The picture at the end of this chapter shows us a cheerful 
fire sparkling like a gem in a casket so high and ample that its radi- 
ating power is utilized to the best advantage, while the hood and 
sides serve the purpose of a stove in heating the surrounding air and 
objects by convection and radiation. 

The direct rays of the sun are necessary to the complete develop- 
ment of animal life, and the great difference in the amount of radia- 
tion of solar light and heat in the various parts of the globe causes a 
marked difference in national character. Where the sun cannot be 
enjoyed, or where its rays are feeble and insufficient, the open fire- 
place becomes its natural substitute, and so long as our physical na- 
tures remain the same, so long will the open fire be cherished as a 
priceless boon and companion. 

It is a provision of nature that there shall be a wide difference be- 
tween the temperature of our bodies and that of the air about us ; 
and we find that the greater that difference, within certain reason- 
able limits, the more energetic and vigorous is the action of all our 
animal functions. Air entering our lungs at a low temperature near 
freezing point, does, as we have said, twice as much work in purify- 
ing the blood as the same amount of air entering at the temperature 
of our bodies, and in winter with the warm rays of the sun striking 
us we feel twice as vigorous as we do in summer, when the air is hot 
and suffocating. 

When a room is warmed bv an open fire the walls are warmer 
than the air, because radiant heat has the remarkable property of 
passing through air without raising its temperature. Thus the oc- 
cupant breathes air refreshingly cool, while the walls, being compar- 
atively highly heated, do not absorb his animal heat with inconveni- 
ent rapidity. Nevertheless the outside air must be tempered to a 
certain extent before entering the room to avoid the danger caused 
by cold currents striking our bodies, and it is the object of the vent- 
ilating fire-place to temper this incoming air to the proper degree, 
without waste of fuel or labor. 

We have reviewed the progressive steps already made in this di- 
rection up to the present time, and we find the utmost that has been 
accomplished, to our knowledge, by any form of fire-place, in the 
way of utilizing to good advantage the heat generated by the fuel, 
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hoe beeu a saving of from 30 to 40 per cent, applied rarelj' to the 
best advautaije in preparin? and diatributing the fresh air for our 
use. At its best, it is looliea upon as a luxury too eipensire for the 
poor man to enjoy. Under the aesumptioo that the element of naate- 
fulnesB is a nccenary condition of its being, he turns, as his only re- 
sort, to the closed stove. The efforts of the inventor are therefore 
directed to increasing the economy of the heater which is used where 
the Tftlue of economy is best appreciated, to the neglect of the open 
fire-place which he fans been accustomed to look upon as incurable. 

It is the duty of those who entertain a contrary opinion, and who 
have the facilities for putting their views in a practical form, to con- 
tribute the results of their investigations to the general fund. Small 
as may be the value of individual results in themselves, they may 
yet serve as suggestions from which, in other hands, valuable fruit 
may spring; and little as we may expect to receive from any single 
contributor, yet the labor of many working together, in the li^ht of 
past experience and wiih the aid of the advanced scientific and me- 
chanical knowledge of the day, may, before long, be sufficient to eon- 
vert the open fire-place from an expensive, troublesome, and even 
dangerous luxury enjoyed only by the few, into a source of health, 
comfort, and economy for all. 
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PLATE XXL 

Dininf|r-room fire-place in modern English Gothic style. From 
B. L. Talbert. 



PLATE XXIL 

Fire-place in the Hdtel de Vogue, at Dijon. Fire-place built in 
the beginning of the eighteenth century. From Sauvageot, " Palais, 
Chateaux, etc., de France." 



PLATE XXni. 



Fire-place in the smoking-room of the house of M. Le Comte 
Branicki, Paris. From the "Encyclopedic d' Architecture.'* 



PLATE XXIII. 



PLATE XX'IV.* 

Fire-place in the " Salon des Mddailles," in the Palace of Ver- 
sailles : a^e of Louis XV". From E. Rouyer, *' L'Art Architectural 
en France." 



PLATE XXIV. 



PLATE XXV. 

Renaissance fire-place. Exhibited at the Paris Exhibition of 1878 



PLATE XXVI. 

Fire-place in a house in the Rue de Berlin, Paris : L. Dupre, 
architect; A. Millet, sculptor. The fire-place is built of stone with 
facings of red marble. The sculpture on the frieze is in bas-relief, 
in white marble, and represents Winter. The total width is 1™. 90, 
and the height to the top of the pediment is 2™. 40. Its cost was 
6,000 francs, made at Paris. From the '* Revue G^n^rale de 1* Ar- 
chitecture et des Travaux Publics." Cesar Daly. 1872. Vol. xxix. 



PLATE XXVL 



PLATE XXVII. 

Fire-place in the i^rand drawing-room of the Bishop's palace at 
fieauvais, France. By Mr. E. Vaudremer, diocesan architect of the 
city of Paris. From the " Revue G^nerale de 1' Architecture et des 
Travaux Publics." 



PLATE XXVII. 
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CHAPTER III. 

SUGGESTIONS FOR THE IMPROVEMENT OF THE OPEN 

FIRE-PLACE. 

If we were to see a tribe of savao^es sitting: astride of locomotive 
steam engines, and, in their ignorance of the application of steam, 
using them as we do ordinary carriages dragged about by horses, we 
should be inclined to turn up our civilized noses and smile at the qx- 
hibition of simplicity. But if when these savages learned how a 
single engine, with its strength properly applied, was capable of 
doing the work of the entire tribe, they should, instead of applying 
steam to the engines already built, continue to use them only as car- 
riages, and build others to act as motors, we would have before us 
an example of extravagance and folly only equalled by our own in 
our method of heating. 

We fill our houses with open fires and use them only as radiators, 
although we know that the heat of a single one properly applied 
would be capable of doing the work of the entire house. Instead of 
applying furnace pipes to one of the fire-places already built, we con- 
tinue to use them only as radiators, and build others down cellar to 
act only as air-heaters. 

If the savaore condescended to criticise he would have the riorht to 
say, " With all your boasted civilization you are even more barbarous 
than we, because, while it is true that we lose the motive power of 
our carriages, we are still able to use the carrying power of our mo- 
tors. You, however, lose both the smoke heat of your upper fur- 
naces and the radiant heat of your lower ones." 

We have shown that open fires as they are now used are incapable, 
without external aid, of properly heating our buildings. The air 
supplying the draught must, by some means, be moderately warmed 
before it enters. It should not be as warm as the walls of the room, 
nor cold enough to occasion discomfort to the occupants. This prep- 
aration of the air is usually effected by a furnace in the cellar, and 
the result of the combination of furnace and fire-place is, under 
proper conditions^ and with all precautions taken against gas,^ satis- 
factory except from the one stand-point of economy. With it every 
desideratum given in our description, at the beginning of these articles, 

^ It is probable that the use of steam for heating this firesh air will become much more 
general, and that in cities and towns steam pipes like gas, drain, and water pipes, supplied 
from a central source, will take the place of furnaces. Any improTed form of apparatus 
for heating air by steam will assist, but can never supplant, the open fire-place. 

7 
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of ideal perfection may with care be obtained, excepting the first and 
all important consideration, ^Hhatallthe heat generated by the com- 
bustion of the fuel be utilized in heating and ventilating the house, 
and that the combustion of the fuel be complete.*' To satisfy this 
condition it is evident that the furnace and fire-place must be com- 
bined in one apparatus, for it is only in this way that a single fire can 
do the work of both. 

J low this combination can best be effedted, and what sanitary and 
pecuniary advantages may result therefrom, it is the object of this 
chapter to inquire. 

In our historical sketch we have shown to what extent and by 
what steps the work has been advanced up to the present time. It 
reaches its fullest development in the fire-place described by Peclet, 
Fig. 125, but excepting in this we find no evidence of an attempt to 
give the air-heating surfaces an extension in the slightest degree pro- 
portionate to the size of the grate or to the amount of fuel consumed, 
or to adapt the improved methods and forms of the hot-air furnace to 
the new conditions imposed. The air-heating surfaces are small and 
insignificant compared with the size of the grate, and are confined in 
most cases to a very small area in the immediate neighborhood of the 
fire. In the Dimmick Heater, with a grate surface of about a tenth 
of a square meter, we have a radiating surface of scarcely a square 
meter, or about ten times the grate area. In the Fire-Place Heater,^ 
the Jackson, Joly, Fondet, Cordier, and other similar heaters, the 
proportion is the same, or but little greater. Yet in our best modern 
furnaces it mounts to from thirty to two hundred times the grate 
area. 

The Sanford's Challenge Furnace, No. 40, for instance, to take 
an American example, has a heating surface of seventy times the 
grate surface. According to Bosc, the proportion should be one 
hundred and sixty or one hundred and eighty to one, and accord- 
ing to Morin, from one hundred and eight to two hundred to one, 
though in American practice it is seldom over fifty to one, with a 
heating efficiency of perhaps sixty or seventy per cent of the total 
heat produced by the fuel. The Peerless Furnace (No. 16), with 
a grate area of 0.13 square meter, has an air-heatins surface of 6.7 
square meters, or fifty-one times its erate surface. The Chilson (No. 
8), the Golden Eagle (No. 8), the McGregor (No. 4"), and the Soap- 
stone Furnace (No. 18), have respectively, accoroing to measure- 
ments made by the writer, heating surfaces of forty, fifty-six, thirty- 
one, and seventy-four times their grate surfaces. 

Our ventilating fire-places, then, should have a much greater air- 
heating surface than has heretofore been given them, if we would 
obtain from the fuel the greatest amount of heat possible. 

In a furnace all the air which enters the fire-pot is brought into 



1 The jackets surroandiDg the beater add eonalderably to the heating power, but can- 
not, of course, be included in the estimate of direct heating surface. They correspond to 
the casing of a furnace, and might be extended ad libitum. 
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close contact with the fuel by the position of its entrance below the 
grate. The amount of air entering the smoke-flue is, therefore, but 
slightly in excess of what is actually required to support combustion, 
and its temperature is correspondingly high. But with an open fire 
a greater amount of cold air enters the flue, and its temperature is 
lowered in proportion. It may, therefore, reasonably be asked if 
this cool air from the room would not so much diminish th& heating 
power of the flue as to render its development into a complete furnace 
useless. 

This first and most important consideration should be carefully 
looked into before we proceed further, and any conclusions reached 
by reasoning should be tested by actual experiment. 

Theoretically. Wood perfectly dry requires for each kilogram 
burned, say, ten cubic meters of air, developing, say, 4,000 units of 
heat. The temperature of this air as it leaves the fire would therefore 
theoretically be ^xi^o 24 = 1 >282° C, which is about the melting point 
of steel. , So that a certain quantity of air beyond what is absolutely 
demanded by combustion is necessary to prevent the destruction of 
the furnace. Were twenty cubic meters of air instead of ten used, 
the temperature of the air would be 641° C, or sufficient to raise iron 
to a dull red heat. In an open fire-place with a contracted chimney- 
throat tested by the writer, a little over thirty-five cubic meters of air 
per kilogram of wood passed up the flue, and its temperature, as tested 
by a chemist's thermometer placed in a hole perforated in the flue for 
the purpose, rose somewhat above 300° C. In another fire-place hav- 
ing a larger throat, much more air entered, and the temperature of 
the smoke in the flue could not be raised above 200° C. with the same 
quantity of wood burned one kilogram at a time. But with a throat 
contracted still more than in the first fire-place, a still higher temper- 
ature of the smoke was obtainable, showing that by regulating the 
size of the chimney-throat, any temperature of the smoke may be 
easily obtained up to four or five hundred degrees. When hard coal 
is used for fuel a good draught is necessary in order to produce a 
combustion of the requisite rapidity to heat the house. When the 
feed-door of a furnace is left open, this draught may be insufficient 
where hard coal is used. But where soft coal or wood is used, as is 
generally the case with open fires, no difficulty is found in obtaining 
ample heat with the feed-door standing open. 

In an open fire-place the chimney-throat corresponds with the feed- 
door of a furnace, and it is this which regulates the amount of cool 
air entering the chimney, and not the size of the fire-place itself. 
M^en this throat is small, the hot products of combustion will fill it 
to the exclusion of the cold air from the room, and the temperature 
of the smoke in the flue will be high independently of the actual size 
of the fire-place. 

It must be borne in mind that the flues of a furnace do not heat 
the fresh air by radiation, but by convection or contact of air. 
With radiation the higher the temperature of the heating surface the 
greater the proportion of heat given out for each degree's difference 
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between the heated body and the surrounding air. But with convec- 
tion, according to the researches of Dulong, the yield per degree's 
difference is, for all practical purposes, irrespective of the absolute 
temperature of the heated body, or of the difference of temperature 
between the heated body and the air in contact with it. With a 
radiant body at a clear red heat of 1,015^ C, the amount of heat 
transmitted per meter per hour for each degree's difference is about 
300 times that transmitted at 100^ C, and at a bright white heat of 
1,415^ C, it rises to 4,604 times that amount! The extreme rapid- 
ity with which a body at white heat cools down to orange and cherry 
red, etc., indicates that at high temperature the loss of heat is ex- 
ceedingly great. 

With convection, however, the difference in the loss of heat per 
degree is comparatively slight. Supposing that with the heated body 
at 0® C. and the air at 15° C, the loss by contact or by radiation were 
1, at 250° C. it would be by contact only 1.9, while by radiation it 
would be as high as 3; at 310°, 510°, 1,015°, and 1,416°, the loss by 
contact would be 2, 2.3, 2.7, and 2.9 respectively, while by radiation 
it would be 4, 13, 800, and 4,604 times greater respectively than at 
0°. 

There is, therefore, with furnaces no corresponding gain of heat 
in quantity to compensate for the loss in quality by having the heat- 
in^surfaces raised to a high temperature. 

For a given amount of fuel the same number of units of heat will 
be generated by combustion, whether the combustion be slow or rapid. 
But where it is rapid the products are carried away more rapidly, and 
the loss of heat at the top of the chimney is greater. 

Bernan, treating of furnaces, says : " When only a small quantity 
of air passes through the stove, the cockle is in danger of being over- 
heated. Mr. Sylvester says, * The cockle surface should not rise above 
280° (F.). Beyond this it has a tendency to injure the materials of 
which the flues are formed. It is also heated with less economy, since, 
as has been observed, the smoke will pass away at a higher tempera- 
ture.' The temperature of the surfaces he recommends is, however, 
a great deal too high; and much of the prejudice against stoves has 
arisen from this circumstance. Were the surface never to exceed 
130° (F.), although the size of the stove would be increased, the 
salubrity of the air as well as the economy of the fuel would be in- 
creased also." 

Theoretically, therefore, the temperature of the smoke in the flue 
of an ordinarv fire-place, with its throat properly contracted, is suffi- 
ciently high lor our purposes, and may be regulated at pleasure. 

To put the matter to practical test, the writer has made numerous 
experiments, with the following results: — 

A furnace of wrought-iron was constructed for the purpose, having 
a radiating surface above the fire-box of 7.6 square meters, or equal 
to that of a Magee furnace. No. 24. This was attached to the top 
of an open fire-place (the Fire-Place Heater), which served as the 
fire-pot, grate, and ash-pit. The apparatus was tested alternately 
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with the feed-door (sliding blowers) open and shut. In each case 
three kilogranjs of wood, containing ten per cent of water, were 
burned, and it was found that nearly the same amount of heat was 
obtained from the flues, whether the bloiiver was open or shut, the 
throat being small and the fire brisk. Sufficient air entered to keep 
the pipes from becoming red-hot, but not enough to reduce the tem- 
perature to too low a point. Therefore while all danger of burning 
or injuring the air was avoided, the heat was utilized to the best ad- 
vantage. 

Tables VITI. and IX. give in a condensed form the record of two 
of the experiments referred to. 



TABLE VIII. 
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TABLE IX. 

Temperature of the outer air, 25^ Centigrade ; of the room at beginning of experiment, 
26^ Centigrade ; sise of fresh-air opening, .05 square meter. 
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In the first of the two experiments here recorded, Table VIII., the 
doors of the fire-place were tightly closed and strips of paper glued 
over the cracks and joints of the doors to make them air-tight, the 
base draught damper under the grate being alone left open. The ap- 
paratus then formed an ordinary furnace. The air-box was small, 
and the register throwing; the heated air into the room measured but 
IdXdt') centimeters, or 0.05 square meter, so that the heating sur- 
faces were only partially cooled or utilized. Nevertheless, column 7 
shows that enough heat was abstracted by what air was allowed to 
strike the flues to raise the temperature of 6,415 kilograms of air 1° C. 
This is equivalent to 1,540 units of heat. A thermometer placed one 
meter from the fire-place rose (column 9) 59 degrees, showing that a 
large portion of the radiant heat of the fire passed through the iron 
doors. The heat saved by contact of air amounted to ^^^ J^ = 14 
per cent of the whole. Adding 3 per cent for that obtained by ra- 
diation, we have a total saving of 17 per cent. The temperature of 
the room (column 8) was raised 4 degrees. 

In the second experiment. Table IX,, the doors were left open, and 
the apparatus formed an ordinary open fire-place, with a furnace at- 
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tached to its smoke-flue above. Column 7 shows that 6,120 kilo- 
grams of air could have been raised 1° C, which is equivalent to 
1,469 units of heat, or 13 per cent of the whole. A thermometer 
placed 1 meter from the fire-place rose (column 9) 80 degrees. Add- 
ing 6 per cent for direct radiation, we have a total saving of 19 per 
cent. 

The temperature of the room (column 8) was raised 6 degrees. 
All the conditions were as nearly as possible the same in both ex- 
periments. The supply of fresh air brought to bear on the pipes 
was limited, but the same in both cases. In other experiments made 
to test the heating power of the apparatus, where double or triple 
the supply of air was brought in contact with the heating surfaces, 
and where a proper arrangement of the fresh-air box and registers 
was provided, the amount of heat saved was two or three times 
greater than that here effected. 

Having found that there is neither theoretical nor practical diffi- 
culty on the score of the entrance of cool air through the chimney- 
throat in the way of our combination, it remains to see what kind of 
furnace is best adapted for our peculiar purposes. 

According to Bernan, the way in which large buildings or rooms 
were formerly heated, particularly for manufacturing purposes, 
where open fires were inadmissible, was by a sort of Dutch stove, 
formed of a large cast or wrought iron vessel, generally square, and 
set upon a foundation of brickwork, enclosing the fire, and this ap- 
paratus was placed in the room to be heated. But it was found to 
be dangerous, and a large proportion of the accidental fires which 
in former times destroyed many factories originated with ill-con- 
structed stoves. The air of the room did not move by the heated sur- 
face rapidly enough to carry off the heat as fast as it was produced, 
and the stove was consequently frequently red-hot. This great heat 
rendered all the adjacent wood- work very combustible, and when the 
stove cracked, or a joint opened, or any inflammable substance came 
in contact with it, a conflagration was inevitable. Moreover, close 
stoves do not assist essentially in promoting ventilation, for the 
quantity of air withdrawn from the room is only what is needed to 
support combustion. Morin estimates the ventilation from these to 
be less than seven cubic meters of air for every kilogram of coal 
consumed. Indeed, the circulation of air they produce in a room is so 
sluggish that the temperature of the room varies greatly at different 
heights. '^ Kuttan, whose observations were made in Canada, states 
that in a stove-heated basement room, over a cold cellar, he has 
frequently seen water freeze on the floor when the temperature of 
the air at the ceiling was 100°, and has often observed a difference 
of 4^° (F.) in the temperature of the air for every foot of height in 
a stove-heated school-room, sixteen feet high, which was exposed on 
two sides to outside air at 0°." ^ But if a casing is arranged around 
a stove, with a space left between it and the stove, open below and 

1 Johnson's Universcd CycloptBdia. 
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above, the column of air within the casing will be doubly heated by 
contact on one side with the stove and on the other with the casinor. 
Being protected from the cooling influence of the surrounding air it 
will rise rapidly and produce a circulation in the room which will 
equalize its temperature. 

The next step was to put the stove in a chamber by itself, ad- 
joining or below the room to be heated. The external air was ad- 
mitted into this chamber, warmed, and conducted by flues about the 
building, and the whole formed a hot-air furnace. A large amount 
of fresh air is brought by the casing in contact with the heating 
surfaces, and it strikes them forcibly on account of the strong cur- 
rent produced by the hot-air flues. The fresh air is generally taken 
from the outside, and it is in this respect, as well as in the principle 
of the circulation produced by the casing, that the furnace is supe- 
rior to the close stove, while in the loss of the advantage of direct 
radiation from the sides of the heater it stands inferior to it. 

The most important point to be considered in the construction of 
all basement furnaces alike is the acquisition of a good chimney 
draught, because of whatever material or in whatever manner 
they may be made, they cannot be rendered absolutely gas-tight. 
Even though the materials be non-porous and the joints be tight, 
the very openings required to admit fuel to the fire or air to the 
fuel may, under a back pressure, also emit gas. Where these 
openings are out of sight and immediate control of the occupants, 
the noxious gases, often imperceptible to the senses, may en- 
ter the house without their knowledge; and this is the most preva- 
lent cause of trouble with the hot-air furnace as it is now con- 
structed. It is, therefore, of the first importance with these that the 
drauorht of the smoke-flue should exceed in strenc^th that of the hot- 
air circulation pipes, whose powerful action is shown by the force 
with which the warm air issues from the registers. The hot-air 
flues in a basement furnace being frequently nearly as long as the 
smoke-flue, and the maximum utilization of the heat of the fuel, or 
of its smoke, being considered the grand desideratum, these hot-air 
flues become hotter than the smoke-flue. The column of air in the 
former being, therefore, lighter than that in the latter, the smoke or 
gases will rush into the fresh-air flues through any crack or joint 
connecting the two columns together, or they will enter the house 
throuc^h the feed and drauorht doors. 

The above difficulties might, however, be obviated, and absolute 
safety against the escape of gas be obtained, together with a com- 
plete utilization of the heat of the smoke, by bringing distinct cur- 
rents of fresh air simultaneously against the neating surfaces of the 
furnace at various points of these surfa^^es, properly located with 
reference to each other and entirely separated from each other, ^y 
this means a good draught might be obtained at all times, and yet 
the temperature of the smoke-flue be reduced to very nearly that of 
the outside air. 

Let Fig. 129 represent a furnace (devised by the writer) con- 
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structed after this principle. The fresh air enters the furnace at 
A, By and C, simultaneously, but into heating chambers entirely sep- 
arated from each other, say at points corresponding with each floor 
of the house. The hot-air flues start at A', B', and C. The outer 
air entering the first chamber might lower the smoke, say, from 300° 
to 160°, and be itself raised from 0° to 60°. A second current of 
fresh air at B, entering the second chamber or division of the fur- 
nace, might further cool the smoke to 75°, and be itself raised fi-om 
0° to 40°; and, finally, a third supply at C, entering the third cham- 
ber, might, by taking a direction tne reverse to that of the smoke, re- 
duce the latter to or very near to 0°, and itself be raised to 40°. 
The average temperature of the smoke in the chimney would, though 
entirely cooled at the top, be 

AJtti)+ IfiP 4- ULD_+Z A 4_" 7ff +-0 oo«j.iio«4.Q-« 
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This would be much higher and the velocity correspondingly greater 
than that in any fresh-air flue, so that the chimney draught would be 
good, even if the fresh-air flues were maintained at 40° or 50° 
throughout their entire length, and this length were equal to that of 
the smoke-flue. In a furnace con- 
structed in the manner described, 
however, each compartment of the 
furnace would have only its own 
floor to warm, and the air flues 

would have little or no perpendicu- £) 

lar extension beyond what would <:^ 

be required to create in them the 
necessary draught. The tempera- 
ture, therefore, of the fresh-air col- 
umn would practically be that of 
the house, say 20°, and its length 
only the distance from its com- 
mencement at A', B', and C, to 
the ventilator D, on the roof, and 
consequently always less than that 
of the smoke-flue. 

Inasmuch as the diffusion of gases 
will take place even in opposition 
to a consiaerable current of air, no 
porous material is suitable, under 
any circumstances, for the construc- 
tion of a furnace, since the porosity 
not only permits an escape of gas 
at all times, but also serves as a 
connection between the hot-air and 
smoke columns in cases of back 
draught. The joints should be made 
in such a manner that the con- 
traction and expansion of the materials cannot work them loose, how- 
ever long the furnace be in service. 
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Where metal is used, its kind or thickness has hut little effect, 
within ordinary limits, upon its heating power; for the quantity of 
heat which can be conducted through the thickness of metal usually 
employed is much greater than can be carried away by contact of 
air. But for greater thicknesses the amount transmitted by small 
pipes increases with the thickness. A cast-iron pipe one decimeter 
in internal diameter, heated on the inside to 100° and exposed to the 
air at 15°, with different thicknesses of metal, would lose heat per 
meter and per hour as follows : The thickness being nothing, or in- 
finitely small, the loss would be 254 units; for thickness of 2.5, 5, 
10, and 15 centimeters the loss would be, respectively, 363, 472, 676, 
and 848 units, or in the ratios of 1.4, 1.8, 2.6, and 3.3 to 1 respect- 
ively. Where stone, brick, or terra-cotta pipes are used, whose con- 
ductibilities are much smaller than that of iron, say as 15 and 4 to 
250, the variation for great thicknesses is much smaller. The reason 
of this is that the increase of thickness increases the radiating sur- 
face of the exterior, so that while each square meter of such surface 
gives out less heat than a square meter of the surface of the thin pipe, 
in the proportion of 0.95, 0.92,0.89, and 0.85 to 1, for the cast-iron 
pipe one decimeter in diameter, of the thicknesses mentioned above, 
yet the surfaces are greater in the proportion of 1.5, 2, 3, and 4 to 1. 
Thus, thickening the heating or radiating flues of a furnace made of 
good heat-conducting materials increases their effectiveness just as do 
ribs or spikes cast upon the radiating surface, by increasing its su- 
, perficial area. Indeed, unless the ribs are properly placed, a simple 
thickening of the pipe is sometimes even more effective. Thus a 
threaded pipe, 1 centimeter thick, 18 centimeters in diameter, and 
10 meters long, threading 0.5 centimeter deep, standing vertically, 
was tested by the writer, and found to yield less heat than a smooth 
pipe 1 centimeter thick, and of the same diameter and height, al- 
though the actual radiating surface was twice as great on the 
threaded as on the smooth pipe. The threading being perpendicu- 
lar to the direction of the air current, it lost more than half of its 
effectiveness in heating the air by convection, owing to the fact that 
the ascending air current struck only the lower outside edge of each 
thread, while the loss by radiation remained the same, because, 
though the radiating surface was twice as large, yet half the rays 
fell upon the surfaces of the threads themselves, and were by them 
reabsorbed. 

MOISTURE IN THE AIR. 

It is a mistake to suppose that furnace heat is necessarily dry and 
unhealthy. Where the heating surface is raised to a high temper- 
ature, the vegetable and animal matters which are always to be 
found, to a greater or less degree, floating in the air, and can easily 
be seen under a ray of sunlight, coming in contact with an over-heat- 
ed surface are roasted or burned, and emit an unpleasant odor. 
When these surfaces become red-hot they may decompose the air 
itself, forming, with the iron, acid gases injurious to the health, or 
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gases may pass throujEh the furnace, as already stated ; but so far 
as depriving the air of its moisture is concerned, by which a too 
rapid evaporation from the skin is induced, causing headache and 
unpleasant sensations of the nose anil throat, the same ettect is pro- 
duced by sleani or hot-water pipes and by every other method of 
heating, when the temperature of the outer air is warmed to the same 
degree. Cold air, when expanded by heat, has a greater capacity 
for moisture in proportion to the extent of the expansion. In the open 
fields this needed moisture is supplied by nature through the agency 
of rivers and lakes. In our houses, where rivers and lakes do not 
form themselves naturally about our hot-air furnaces (unless the 
unskilful plumber has opened for them sources in the drain and 
water pipes), their places should he supplied by art in the form of 
evaporating-pans, and the disagreeable sensations arising from dry- 
Dess will quickly disappear. 

SPECIAL FORHS OF CONSTRUCTION. 

It is clearthat for a given amount of fuel burned, any furnace 
may, by extending the heating surface, l>e made to yield the same 
amount of heat to the fresh air, but the heating surfaces may be ill 
or well constructed with reference to favoring the draught, economy 
of space, tightness of joints, fncility for cleaning, durability, and 
cheapness, and upon this depends its value. The various kinds of 
hot-air furnaces now in use are characterized by the degree of ex- 
cellence obtained in some one or other oF the above desiderata, no 
one combining all the excellences, so that in searching for the form 
best adapted to our purpose many must be reviewed. In so doing 
we find thA they divide themselves into two general classes: first, 
those in which the hot air circulates in flues, while the smoke fills 
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the space surrounding them; and second, those in which the reverse 
takes place, the smoke being insiiie and the fresh air circulating 
around them. 
The heating effect of the latter method is, for the same exUnt of 
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surface, much ^ater than that of the torroer, because when the 
smoke pasBes through the flues the heat radiated from the surface 
warms the inner walls of the surrounding air-chamber, which, in its 
turn, gires up its heal to the fresh air in contact with it. Thus boA 
surfaces serve in heating the 
air, and the furnace acta both 
by radiation and by convec- 
tion. The effect produced va- 
ricB but little with the extent 
of the chamber, because the 
amount oi heat which it re- 
ceives is constant, and the 
smaller its surface the higher 
its temperature. By the former 
method all rays of heat which 
do not strike the fresh-air flues 
are lost. Figs. 130 and 131 
represent furnaces of this class. 
In Fig. 130 the smoke flows 
horizontally across perpendicu- 
lar fresh-air tuhes, and in Fig. 
131 the movement of the smoke 
is perpendicular, and that oE 
the fresb air is horizontal. AU 
the heat received by the ma- 
sonry of the furnace is lost, 
Fig, IJ2, since no freah air is brought 

in contact with them to carry 
it off. Abandoning, therefore, this class of furnace, we have only 
to consider those in which the smoke circulates inside of the flues, 
and the fi-esh air surrounds tliem. 

These, again, may be classiHed into, first, those having simple 
drums, like the Magee Furnace (Fig. 132), and second, those hav- 
ing detached tubes, as in the Chilson (Fig. 134). The former has 
the advantage of simplicity anil the minimum of joints for the escape 
of gas, and the latter of a greater radiating surface. In an ordi- 
nary furnace the first consideration is of the greatest importance, 
because a leakage of dangerous gases may take place without the 
knowledge of the occupants, in case of downward draughts. Where 
the furnace is used over an open fire-place leakage may at once be 
detected by the appearance of the fire, and cured by simply open- 
ing the direct smoke-draught, so that this freedom from joints, al- 
though important, is of less consequence than an increase of radiat- 
ing surface. 

The movement of the fresh air may take place in the same direction 
with the smoke or in an opposite direction. When the currents flow 
in the same direction the smoke will evidently cease to give up its 
heat when the two gases have the same temperature. But when the 
" "'.stake place in opposite directions the temperature of the 
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smoke may be lowered to any extent, only limited by that ot the ont- 
side air. With a basement furnace, as ordinarily constructed, the 
requirementB of the draught are such as to render total eictraction of 
the beat from the smoke undesirable, but where the construction is 
like that shown in Fig. 129, such a result would be an important de- 
Bideratnm. 






illuittration of this 



pnr 



the Peerless Furnace (Fig. I 

iple. It ia not necea- 
sary, nowever, to have the 
smoke descend in order to 
accomplish the work. The 
smoke may rise direct and 
the fresh-air current be re- 
verfed. 

The Chilson Furnace 
(Fig. 134) is an example of 
direct smoke-draught. 

When the movement of 
the smoke or fresh air is 
upwards, if it be divided 

means should be adopted to 
direct the flow equally into 
each, as otherwise it would 
follow by preference that 
which offered the least re- 
sistAnce, and when every- 
thing appears to be dis- 
posed in a manner perfect- 
ly symmetrical, the 8lij;ht- 
est difference determines 
the movement in one direction or 

divide itself equally nhen the flues have, in the ag^..-^..^., ~. ..^^- 
tional area equal to that of the main pipe, and when the branch 
flues are themselves equal in area to each other. When, however, 
the gas flows in a reversed or downward direction, the division will 
be uniform in the flues without the precaution of making their aggre- 
gate sectional area as small as that of the main pipe (Fig. 13S}. 

In the Chilson Furnace (Fig. 134) the means adopted for equaliz- 
ing the ascent of the smoke in the various upright flues is the taper- 
ing of these flues as they ascend. Where they join the horizontal 
ring above, their aggregate sectional area is but little greater than 
that of the main flue. This method, however, has the disadvantage 
of presenting a retreating surface to the ascending air current. A 
horizontal pipe presents but one side to the ascending air current, 
and therefore is fegs effective in heating it than a perpendicular pipe, 

ided by tl ' 
of the pipes of the Chilson Furnace a 
) objection. If the i 



B another. The cuiTCnt will only 
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would impinge vith much greater force upon their surfaces. But sucb 
an inversion would expose 
them to the danger of clog- 
ging by soot. Moreover, 
the tapering of the flues, 
whether upward or down- 
ward, diminishes their act- 
ual superficial area and con- 
eeqiiently their beating 
power. Some other method 
should be adopted for r^- 
ulating the current, not open 
to these objections. The 
pipes should be so arranged 
that they may he easily 
cleaned, yet so formed that 
frequent cleaning would be 
unnecessary. 

Finally, furnaces may be 
again subdivided into va- 
rious clasBcs, according to 
tlie material of which they 
are constructed. 



It is evident that a porous 
material is unsuitable for the 
construction of furnaces, be- 
cause the noxious gases gen- 
erated by the burning fuel, 
especially by anthracite coal, 
Fi(. IJ4. pass through theni under a. 

back pressure, or even in cases of a sluggish draught. With an ordi- 
nary drum furnace like the Magee or MacGreggor there is almost 
always an outward pressure from within at the top of the drum even 
when the draught is good, Under a given pressure the amount of 
gas passed through a given material will be in direct proportion to its 
porosity. Cast-iron is said to be permeable to certain gases at high 
temperatures and, according to L. Cailletet,' to hydrogen gas even 
when cold. Whether the gases pass through the pores, or through 
invisible air-holes so minute that they may be classed as pores, is im- 
material so far as concerns the furnace maker. It is sufficient to know 
that microscopic air-holes are so liable to be present in the castings 
that the material has been condemned as unsafe and unsuitable for 

C holders, compressed- wr tubes, and all places where a gas pressure 
\j» be resisted. 
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In order to test the degree of this permeability under varying press- 
ures, the writer had cast six cylindrical boxes from some of the 
softer iron used by a foundry-man in making furnace and stove cast- 
ings. 

The boxes, having the section shown in Fig. 135, appeared to be 
perfect in every particular. 

The top or mouth of each piece was threaded after casting so as to 




Fig. 135. 



Fig. 136. 



receive the end of a piece of gas-pipe two meters long threaded to 
correspond, making with cement an air-tight joint. (Gas piping 
was formerly frequently made of cast-iron, but its permeability to gas 
under pressure was too great, and it was abandoned in favor of 
wrourfit-iron.) Clean mercury was then poured into the gas-pipe 
and the pressure in atmospheres on the casting was known by the 
height of the mercury column (Fig. 136). It was found that under 
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pressures varying from one to three atmospheres, the first three of the 
six castings tested allowed the mercury to pass through the pores or 
air-holes in minute jets, as shown in Fig. 186, projecting it, when the 
pressure was greatest, a distance of more than a meter from the ves- 
sel. Yet the feeblest pressure was sufficient to cause it to escape from 
the largest openings. The other three castings resisted the test. A 
greater pressure than three atmospheres could not be applied with 
the materials at command. The mercury became niuch dirtied, after 
the first three experiments, by impurities in the gas-pipe and castings, 
so that it is possible that the amalgam thereby formed filled the pores 
in the last three castings and itself prevented the passage of the pure 
mercury. 

This experiment was suggested by the experience of Professor 
Wolcott Gibbs of Harvard University, from whom I have the follow- 
ing : He was filling a cast-iron pot with mercury, and had poured into 
it about fifty kilograms of the metal when it was observed suddenly 
to shoot out in fine streams in all directions through the pores of the 
vessel. Professor Gibbs described the iron which he used to be per- 
fect so far as the eye could detect. The boxes in which mercury is 
put up for the market have to be made of wrought-iron. 

The six castings tested as above described were fifteen centimeters 
long each, and nearly two centimeters in diameter. The metal was 
two millimeters thick at the threaded end under the shoulder, and 
about five millimeters thick at the other end. The object of this 
gradation #f thickness was to discover what effect the thickness of 
the casting had upon its permeability. It happened that the mer- 
cury escaped in all cases at points near the middle of the cylinders, 
where the metal was of medium thickness. But inasmuch as it did 
not flow from all parts of the castings with equal freedom, but rather 
from particular localities in each, it would appear that it could 
hardly have passed through pores^ as the term is commonly accepted, 
but rather through minute accidental pin-holes between the granules 
or crystals of the materials not to be avoided in casting. In this case 
iron of a hard, close texture would be open to these imperfections as 
well as soft iron, though not to so great a degree on account of the 
smaller size of the crystals. These openings may be partially closed 
by filing the surface of the casting. A file was passed over one of the 
castings tested while the mercury was escaping under the pressure. 
A number of the jets were obliterated, only the stronger ones remain- 
ing. For this reason samples to be tested should not be turned or 
filei^, but subjected to the pressure in the rough state as they come 
from the foundry. It is also in this state that they appear in fur- 
naces, for the sake of which the tests are made. 

Hammering is still more effective than filing, and in wrought-iron 
the pores and air-holes are completely closed. 

Thus every part, as large as the small samples tested, of every cast- 
ing used in a furnace is liable to come out riddled, like them, with 
minute holes invisible to the eye, yet large enough to allow of the es- 
cape of gas under pressure. This outward pressure exists more or 
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lesa frequently in ever/ hot-nir furnace now known. In tlie ordinaiy 
dome furnace it is constant in ordinary use, aa previously said. Fur- 
nace men will differ in regard to this and niil say that it is impossible, 
thinking that a powerful upward chimney- draught would overcome 
any slight upward tendency given by the height of the dome above 
the lower opening into the smoke-due. 

Others will be as positive the other way. But the practical fur- 
nace man is unfortunately not the authority to consult on these mat- 
ters. He is commonly ignorant of the scientilic principles which 
shotild govern the construction or regulate the use of a furnace, and 
^nerally unwilling to see the virtue of any arrangement not found 

To ascertaiu Ihe truth, the writer was obliged to have a hole bored 
in the top of the dome of his own furnace, which Is a wroiight-iron 



MacGreggor furnace No. 4, i 

similar ta the Magee shown iii li^' ••>''- ■^•"' utn^uiii^ niu mc mi 
limeters in diameter and threaded Co take a brass tute as shown i 
Fig. 137. 

A manometer was attached to the tube and the pressure of the 
gas from within or without accurately measured in millimeters of a 
water column. It was found that there was a constant outward press- 
wt of from one to eight millimeters, according as the check-draught 
door was from one to five centimeters open. Or, roughly speaking, 
a pressure of about one millimeter for every centimeter of opening. 
No valve was used in the smoke-flue. The same pressure outwards 
occurred when the feed-door was open. 

There was never an inward pre.isvre except when ihe draught up the 
smoke'Jlue icas too powerful to be left with safety. 

From these experiments, therefore, the necessary inference is that 
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cast-iron furnaces afford no adequate security against the escape of 
gas. Even if tested under pressure before use, a precaution which 
no furnace dealer or maker would venture to take, even if it were 
practicable,^ they would still be unsafe for the following reason : a 
casting of iron wnen examined in section. Fig. 188, will be found to 
be densest at the surface and more and more open or larger in grain 
approaching the centre. In a section of soft Scotch pig-iron the gran- 
ules at the centre appear as large as those in the centre of our figure, 
while the outer portions are very much finer. Outside of all a coat- 
ing of silicate forms a thin skin comparatively impervious, so that a 
furnace, which when new would resist eveiy test, might prove to be 
quite useless as soon as the thin outer coatings were destroyed by heat 
and rust. 

With wrought-iron these objections do not hold. The gas-pipe 
used in the experiment illustrated in Fig. 136 was of wrought-iron. 
As was to be expected, no mercury passed through it under the 
greatest pressure then applied. 

Wrouffht-iron is, however, more quickly burnt out than cast-iron. 
But the difference is not important, especially where fire-clay linings 
are used and proper care is taken in its management. 

What will happen to iron in a red-hot condition seems to me to be 
entirely of minor importance. The matter is almost wholly depend- 
ent upon the quality of the castings used. 

To obtain castings which, in the cold state, will allow no gas to pass 
through under greater or less pressure, either when new or after a 
little use. I believe to be difficult if not impossible, as furnaces are 
now made, and at best always a matter of chance. 

Most basement furnaces are now so constructed that it is never 
necessary to raise them to a red heat to obtain the best results, and, 
in practice, this high temperature is seldom seen except under care- 
less management. 

The experiments of Deville and Troost (who were bound, as sci- 
entific and conscientious investigators, to select with care perfect cast- 
ings for their test) show that a very small quantity, about one half a 
cfSfic centimeter, of carbonic oxide was found at the surface of the iron 
when heated to redness for every million cubic centimeters of air 

Eassed over the stove. Of this small quantity, part was generated 
y the fuel within and permeated the iron, and part was formed on 
the surface by the decomposition of the constituents of the air coming 
in contact with it. These experiments, and the report of GenersJ 
Morin to the French Academy, have given rise, for the last ten years, 
to endless heated discussions as to the danger of iron in this condi- 
tion, — discussions as fiery when prompted by pecuniary interests as 
the iron itself under consideration, and having as little to do with 



1 The only test made by faroace men is a " careful " ocular iuspectlon. This is eri- 
dently eqaiyalent to no test at all, the air-holes being microscopic ; a t«Bt would inTolre 
either setting up the furnace complete and applying atmospheric pressure or else a spe- 
cial test of each particular casting, both of which are too difficult to be applied in prac- 
tice. 
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tliu practiual (jueetion as red-hot iron has to do iriih properly made 
modem hot-air furnaces in general. Since these famous experi- 
ments the iron has cooled off to a moderate temperature, but the dis- 
cusxions glow as fiercely as ever. 

The fire-pot, now much thicker than the iron of the stove tested 



bv Devilie and Trooat, ia, in a proper furnace, also protected by fire- 
'clay (practically to prevent the iron from burning out, but nomi- 
naJly to allay the fears of the worried and excited public). The ra- 
diating surfaces remain as thin aa before, but are no longer heated to 

We pass eom«wbat blindly from one extreme to another. The 
opponenta to the theory of " red-hot " permeability, and the dealers 
in cast-iron furnaces generally, are convinced that the French Acad- 
emy was mistaken, and t^at it is practically impossible for gaaea to 
pass through red-hot iron. In defence of their position they march 



out a small anuy of " distinguished " chemists, physicians, profeasora, 
and doctors of philosophy, who advertise liberally in behalf of the 
cast-iron furnace men that " cast-iron ia no more permeable than 
wrought-iron; " that " any scientific chemist of expenence must con- 
uder the exposition made in favor of wrought-iron much in the same 
light as a * mare's nest; ' " that ■' the result of analyses shows that 
carbonic oxide has never pasted through the melal at ani/ lime ; " that 
they cannot after three months' trial, working night and day, set the 
smallest particle of gas through the iron; that one has " neverknown 
such a thing as these gases passing through either cast or plate iron 
when used for heating purposes," etc. 

Fig. 139 represents the Reynolds Wrought-Iron Furnace, one of 
the most perfect hot-air furnaces now known. The doors are cir- 
cular in form, with bevelled edges, turneil to fit with the greatest 
nicety, so that they are as nearly ^r-light as movable metal furnace 
joints can be made, and no check- draught door in the smoke-fiue is 
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necessar}'. This is a most important ad van 1:1^, inasmiii'h as if no 
check-draught or damper be required in the smoke-floe, the pressare. 
may be kept coatinually inwards or at least neutral at every part ot 
the fuTDace. The railiating surfaces are well placed and large in ex- 
tent. 

Fig. UO represents Dnnklee's Gulden Eagle Furnace. In it hot air 
passes as veil inside of the tubes as outside of the drum (not shown 
in the drawins), enclosing tbeni and the smoke ohamber, thus ex- 
emplifying both principles of circulation pi'eviously described. The 
tubes are o£ wrought-iron, and it is i;iainie<l that the greater expan- 
sion of wrought over cast iron tiirhtens the joints when the furnace is 
lighted and lessens the liability of leakage. The furnace has a large 
radiating surface and is a powerful heater. 

In Chubbuck's Cast-Iron Furnace (Fig. 141) we have illuetrated the 



principle of an increase of the heatin" surface by im:aus of projec- 
tions on the lire-pot, and in the Gothic Furnace (Fig. l-IS) by cor- 
ruptions on the upper and lower radiatino; surfaces. 

Terra-cotta is not permeable to gasei when clazed or vitrified, bat 
is exceedingly porous when partially or hard burnt without being 
vitrified, llie Crary Clay Heater (Fig. 143) gives us an illustraiion 
of an American terra-cotta furnac'o. 
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Soapslone is altoguthi-r non-porous, and an excellent material for 
furnaces. The heating power of tlie furnace shown in Fig. 144, made 



by ibe Boston Simpstone Cotiipan}', hiis proved to be much greater 
than would naturally be expected of material having so low a heat- 
conducting power. 

The advantages claimed for the soapatone furnace are that it is 
absolutely impermeable to gases ; ' uniformity of beat is easily 
maintained ; tbe amount of soapstone forming the radiating sur- 
face of a single furnace (from two to six tons) furnishes such a res- 
ervoir of heat that sudden changes of temperature in the house are 
impossible ; great durability, tigbtness of joints, owing to the slight 
change of the parts by expansion and contraction under changes 
of temperature, and the similarity of these changes to those of the 
cement used in the joints; and complete and even combustion of the 
fuel, owing to the slow heat-conducting power of soapslone.and to a 
special arrangement within the furnace for supplying warmed air to 
the fire. A soapstone furnace tested for five years by the writer, in 
a house built by liim at the West End of Boston, has proved itself 
a safe, pleasant, an<l (after the first cost) economical heater. 

The disadvantage of the soapstone furnace is that the large 
amount of radiating surface required involves considerable expense 
and occupies somewhat more space than an ordinary iron furnace, t 

A leakage of gas, then, in hot-air furnscea may result, first, from 
porosity of the material; sec;on<l, from looseness of the joints; or, 
third, from cracks at the feed and ash-pit doors. Tbe first and sec- 
ond difficulties may be obviated by using wrought-iron, terra-cotta, 
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or soapstone. The third may be to a certain extent, though not ab- 
solutely, avoided by adopting the ground and bevelled joints used in 
the Reynolds " Air-Tight " furnace. 

Where a cast-iron furnace is already set, or where it is inconven- 
ient to adopt either of the two courses recommended, the furnace 
should be so run that there is a constant inward pressure from with- 
out. The pressure may be easily measured by attaching to the 
highest part. of the heating surface a manometer, as already de- 
scribed. In fact no drum furnace is complete without this attach- 
ment. The manometer may consist of two simple quarter-inch glass 
tubes one foot lon^ each, united at the bottom by a bend or by a 
rubber tube, half filled with water, and attached to the furnace by 
a brass tube screwed into the drum. The whole need not cost over 
seventy- five cents, not including the labor of attaching it to the fur- 
nace. 

To insure a constant inward pressure it will be necessary to keep 
the temperature of the smoke-fiue quite high, and, unless some prin- 
ciple like that illustrated by Fig. 129 be adopted, a great loss of heat 
will be sustained. The principle, under a modified form, varying 
with the circumstances, as will hereafter be described, may be ap- 
plied to any furnace. 

Though the escape of gases may be due largely to the permea- 
bility of the materials, yet imperfect joints form a source of leakage 
equally, if not more, important. As above remarked in describing 
the experiments on the permeability of cast-iron, a small amount of 
the mercury passed through the iron under the feeblest pressure. 
Only a fraction o£ an atmospheric pressure was necessary to drive 
it through the largest pores, and in the experiment of Professor 
Gibbs no pressure at all was used above that of the mercury in the 
vessel itself tested. The holes were too small to be visible to the 
naked eye, and would therefore escape detection under the ocular 
examination of the inspector. Yet with the aid of a microscope 
many could be seen, and would consequently allow water to work 
through under a pressure of a few millimeters head, or sufiicient 
to overcome its attraction. This proved, by experiment, to be 
the fact. In the case of gases, friction would only retard their 
movement, while attraction might prevent altogether the passage of 
liquids. 

As the only certain cure for escape of gas through the pores of 
the material is to discard porous materials altogether, so the only 
cure for escape through joints would be to discard joints altogether. 
This being impossible, the next best thing is to choose a furnace in 
which the number of joints is at a minimum, and to run the furnace 
in such a manner that the outward pressure shall always be at a min- 
imum. Whether or not this may be done without loss of heat will 
hereafter be seen. Furnace makers will claim that the peculiar kind 
of cement they use, or their peculiar method of hammering the joints, 
will prevent leakage and stand fire. The writer visited a furnace 
advertised by the makers to be absolutely gas-tight. The joints 
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were numerous. In some joints cast-iron was connected with wrought. 
Pipes of cast-iron were set into wrought-iron plates — an arrange- 
ment the reverse of that used in the Dunklee furnace. To this Qie 
writer particularly objected, and inquired of the makers if they could 
warrant the furnace to stand test at these points. The method of 
working these joints was, they claimed, peculiar. No cement was used, 
and so great was the care bestowed on each joi^it that leakage was a 
sheer impossibility. A fine new furnace was exhibited to show the 
excellence of the workmanship. The writer still objected, until 
challenged by the makers to give proof of any of the numerous 
furnaces put up by the company having ever leaked gas. With- 
out taking the time to visit any or all of the five hundred or more 
gentlemen whose letters of recommendation adorned the descriptive 
circular of the firm, the writer expressed himself satisfied if the fine 
new sample furnace then on exhibition would itself stand the test. 
With the assurance that he was at liberty to make any reasonable 
test he pleased, he ordered the furnace to be turned over and water 
poured into all the joints. To the complete astonishment of the 
proprietors and of the careful workmen standing around, the water 
which was poured in poured out again through nearly every one of 
the score of careful joints, until the furnace seemed to dissolve, and 
float away in its own tears. 

The way in which an escape of gases in furnaces may be caused 
by the pressure of the wind is very clearly expressed by Dr. Lin- 
coln.^ But it must be borne in mind that the wind is not the only 
cause of reversed pressure. Dr. Lincoln says : " In the case of hot- 
air furnaces it is very desirable to make the seams actually impervi- 
ous to gas. This cannot be done with the ordinary materials, — 
cast-iron, putty, and red-lead. The unequal contraction and dila- 
tation of the pieces of casting inevitably crack the putty or cement, 
a matter of small moment provided we were sure of a constant at- 
mospheric pressure inward. But we cannot be sure that such a press- 
ure will continue under all circumstances; and the manner in which 
the direction of the pressure may be reversed is easy to understand. 
For the iron wall of the furnace represents a diaphragm between two 
boxes, from each of which a powerful current ascends. One of 
these boxes is the stove itself, discharging into the chimney ; the 
other is the hot-air box or reservoir, discharging through pipes, 
registers, halls, and stairways, — all of which taken together may 
form a kindt of rival chimney drawing upon the hot-air box with a 
force nearly or quite equal to that of the actual chimney. Then 
the direction of the wind may be such as to favor the exit of air 
from the box by the duct intended to admit it, and if, under these 
circumstances, a pu£E of wind strikes the chimney unfavorably, it is 
not strange if the pressure should be for the time reversed, and gas 
escape into the box. In point of fact this not rarely happens in 
furnaces of cast-iron. A suitable material for avoiding this exists 

> 

1 *• The Atmosphere," by D. P. Lincoln, M. D., in Buck's Hygiene- and Public Health. 
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in wrought-iron, which can be made perfectly tight by overlapping, 
riveting, and hammering the edges. Stone furnaces can be made 
tight also." The furnace room diould be ventilated to carry off ac- 
cidental leakages or puffs of gas when the feed-door is opened. The 
cold-air box snould be made of brick or stone and made perfectly 
tight, with a clean-out door favorably placed, and the fresh air should 
be taken from a spot where it is most likely to be pure. It is best 
to take it from an enclosed spot as little affected by winds as possi- 
ble. If no such chamber exists, or can conveniently be made, it 
should be taken in separate ducts from both windward and leeward 
sides of the house, and proper regulating valves supplied in the ducts, 
to be operated, if possible, from the parlor or sitting-room by mean» 
of wires and cranks. Strictly speaking, the fresh-air box should be 
large enough to supply all the flues, allowing one sixth for expansion 
after heating, so that the longer hot-air flues shall not draw air from 
(he shorter ones, as sometimes happens. 

The amount of water evaporated in a furnace to give the air the 
desired moisture depends upon individual taste and temperament, 
upon locality and climate, and cannot be definitely specified. The 
supply should, however, be automatic. The ball-cock used should 
be of a kind least liable to get out of order, and should be protected 
from dust. 

It is worth while here to. remark, as a consideration of some little 
importance in finishing a house, and one frequently overlooked by 
owners and architects, that the evaporating pan should be emptied 
and the water-pipe temporarily plugged up on the furnace side- 
while the inside finish of kiln-dried stock is being put on. Other- 
wise the evaporating water will rapidly reenter the wood before it is 
in place, cracks will result as the house grows old, and the advan- 
tages of kiln-drying will be partially nullified. 

FRESH AIR IN OUR DWELLINGS. 

In attempting to combine in one apparatus the open fire-place and 
the modern furnace the first question governing the forin of the ap- 
paratus which must be answered i?, How much space should be al- 
lowed for the circulation of fresh air about the radiating or heating^ 
surfaces ? 

Deprived of food we can live on for weeks, but deprived of air we 
die in three minutes. Nature has, in the construction of our bodies, 
devoted half the space in the main trunk to the piachinery for the 
supply and distribution of fresh air. The working of this machin- 
ery heaves the entire frame, giving it the only regular and constant 
motion apparent, and producing the only regular and constant sound 
audible to our senses. It occupies the central position in the body 
and has in its service the two most prominent features in that seat of 
honor, the face ; that is, the nose and the mouth. Yet in our artificial 
habitations the machinery devoted to ventilation, if allowed a place 
at all, is treated with contempt and crowded into whatever chance 
space may be left for it after the work of building is done. Its in^ 
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lets and outlets are disguised or hidden as things of which we should 
be ashamed, rather than treated after the example set us by nature, 
as the leading decorative features of the edifice. 

In the process of breathing, the blood is exposed to the action 
of atmospheric air, during which exposure it undergoes certain 
changes. *^ The blood from the right side of the heart when it en- 
ters Uie lungs is of a dark red color. It is then dispersed in a state of 
most minute subdivision through the ultimate vessels of the lun^s, 
and in these vessels is brought into contact with the atmospheric air, 
when it becomes of a bright red color. In other words, the blood 
changes in the lungs its venous appearance and assumes the charac- 
ter of arterial blood. The blood, thus arterialized, returns to the 
left side of the heart, from whence it is propelled through the ar- 
teries of the body. In the minute terminations of the arteries the 
blood again loses its florid hue, and, reassuming its dark red color, 
is returned through the veins to the ri^ht side of the heart, to be 
exposed as before to the influence of the atmospheric air, and un- 
dergo the same succession of changes." (Prout.) 

** The water given ofi* by the lungs is not pure water, such as is 
liberated in the process of distillation or evaporation, but is contam- 
inated with the most offensive animal effluvia. M. Leblanc states 
that the odor of the air at the top of the ventilator of a crowded 
room is of so noxious a character that it is dangerous to be exposed 
to it even for a short time. If this air be passed through pure 
water the water soon exhibits all the phenomena of putrefactive fer- 
mentation. The water of respiration, thus loaded with animal im- 
purities, condenses on the inner walls of buildings and trickles down 
in fetid streams. In the close and confined dwellings of the poor 
this vapor condenses on the walls, the ceiling, and the furniture, 
and gives that permanently loathsome odor which must be familiar to 
all who take sufficient interest in the poor of lar^e towns ever to en- 
ter their dwellings. Take up a chair, and it is clammy to the touch, 
and the hand retains the ill odor. 

'^ How much disease and misery arises from this cause it would be 
difficult to state with any approach to accuracy, because the causes 
of misery are very complicated. In ^e evidence taken before the 
House of Commons, on the health of towns, in the year 1840, the 
medical witnesses stated that scrofulous diseases were the result 
of bad ventilation, and that in the case of silk-weavers, who pass 
their lives in a more close and confined air than almost any other 
class of persons, their children are peculiarly subject to scrofula, 
and softening of the bones. Dr. Arnott stated that an individual, 
the offspring of persons successively living in bad air, will have 
a constitution decidedly different from that of a man who is born 
of a race that has inhabited the country for a long time ; that the 
race would, to a certain extent, continue degenerating. Defective 
ventilation deadens the mental and bodily energies; it leaves its 
mark upon the person so that we can distinguish the inhabitants 
of a town from those of the country. This witness, in alluding to 
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the want of knowledge among all classes on the subject of venti- 
lation, states that he had heard at the Zoological Gardens of a class 
of animals where fifty out of sixty were killed in a month from 
putting them into a house which had no opening in it but a few 
inches in the floor. ' It was like putting them under an extinguisher; 
and this was supposed to be done on scientific principles.' " (Tom- 
linson.) 

** One of the most obvious effects of an insufficient supply of air 
is the discomfort occasioned in those who are not habituated to the 
deprivation. This discomfort is an evidence of positive injury, and 
may increase till headache, prostration of strengtn, gastric disorders, 
and fainting occur. Closeness of air, not producing such marked 
symptoms, may cause dyspepsia and 'impairment of the general nu- 
trition, — symptoms which are now recognized as related to the de- 
velopment of phthisis.'* (Lincoln.) 

The amount of pure air required for comfort, as judged of by dif- 
ferent persons through their senses alone, varies with individuals, 
and with the same individual at different times, and this to such an 
extent that their judgment cannot be relied upon. An atmosphere 
which may seem to one perfectly pure and agreeable, may to another, 
with a more sensitive nose, be extremely nauseous. '* It is curious,'' 
says Lange in his work on ventilation,^ ** that the peasant (whose 
custom of living in the air of the open fields would make it seem 
most incredible) should be often the very one to insist upon an at- 
mosphere indoors actually dense. In the winter the entire house- 
hold, as well as a part of the stock of domestic animals, live to- 
gether in a single small room, where all the cooking is done, and the 
peasant smokes his far from savory pipe. He seems to feel himself 
quite at ease, only when, as the saying goes, ^ he can cut the air with 
a knife J' " 

It is necessary, therefore, to refer to a more competent judge than 
our sense of smell in investigating the purity of the air we breathe. 

The air of an ordinary living-room is altered by the occupants in 
two ways. First, by a change in its constituents^ the oxygen being 
slightly diminished, while the carbonic acid and moisture are consid- 
erably increased ; and second, by an addition of matter in the form 
of organic exhalations whose chemical composition and proportions 
are still unknown. 

The chief constituents of air are nitrogen, which forms its largest 
part, oxygen, and carbonic acid. The former need not be consid- 
ered in connection with ventilation. The air of a dwelling-room 
contains no more nitrogen than that of the open fields. 

The relatively small abstraction of oxygen renders the consid- 
eration of this component also unimportant. The carbonic acid, 
though not the injurious element of the air of our houses, impov- 
erished! by ordinary respiration, furnishes the best means now known 



1 Zur Frage rier Ventilation^ mit Beschreibung des minim etrischen Apparates zur Be* 
stimmung der Lu/t verunreinigung. Zurich, 1877. 
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of measuring its impurity. Pettenkofer found that he could remain 
for hours in air containinor 10 parts per thousand of carbonic acid 
without inconvenience. Forster states that he experienced no trace 
of difficulty in breathing during a stay of ten minutes in air contain- 
ing 40 parts in a thousand. Hirt says that workmen in mines do not 
suffer as long as the proportion of carbonic acid does not exceed 7 
parts per thousand. In our dwellings such high proportions of car- 
l)onic acid are obtained only in exceptional cases. 

The harmful element of air consists in the organic impurities com- 
ing from respiration, as well as in the carbonic oxide of combustion^ 
and the organic impurities are particularly injurious when they are 
left to decompose. These impurities are generally found to exist in 
direct proportion to the amount of carbonic acid present, so that the 
latter serves, in default of a more direct method of measurement, to 
determine the amount of the hurtful ingredients. 

As for carbonic oxide, it is a highly poisonous and dangerous gas, 
one part in a hundred of air being sufficient to destroy animal life. 
*•'' The chemist Ghenot, having accidentally inhaled a single breath 
of [this] gas, fell on his back to the ground as if struck by lightning; 
his eyes were rolled in their sockets, and his extremities drawn up. 
In a quarter of an hour external sensation returned, with a feeling of 
cold and suffocation. A heavy sweat covered his whole body, while 
a peculiar hyperesthesia of the brain existed. 

^^ Carbonic oxide is known to be often present in minute quantities 
in the air of inhabited rooms, proceeding from defects in furnaces or 
stoves, and to some extent from the imperfect combustion of illumi- 
nating material. Being a frequent ingredient of illuminating gas, it 
may enter a room through a leak or through the sides of flexible 
tubes. It has been found in tobacco smoke. Many people suffer 
from small amounts ; the effects commonly attributed to its action in 
ordinary life are giddiness, headache, and prostration of strength. 
It exists in the smoke of a glowing candle-wick. Death occasionally 
results from the careless use of braziers containing charcoal, so com- 
monly used in Southern Europe; King Alfonso very nearly lost his 
lifefrom this cause a few years ago, in Spain. The danger of clos- 
ing the chimney-draught of a stove arises chiefly from the probabil- 
ity that quantities of this gas will be thrown back into the room. 
Tne fuel (anthracite, wood, coke, charcoal, soft coal), which burns 
readily ana without carbonic oxide while abundant fresh air is sup- 
plied, gives rise, when the draught is checked, to the half -oxidized 
product (CO instead of CO2). In no case can we say that a given 
fire produces no carbonic oxide. For example, in a bed of live coals 
ten inches deep, we know that it exists in abundance in the central 
layers, where oxvgen is deficient in amount, and that it issues in 
quantities from tne upper layer, where, again meeting with air, it 
becomes further oxidized or burnt, making a blue or yellowish flame, 
characteristic of the perfect combustion of anthracite and charcoal, 
and forming carbonic acid." 

" Air may, so far as its effect upon health is concerned, be consid- 
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ered pure and good v^hich contains not more than 6 or 7 parts in ten 
thousand of carbonic acid. A good rule is that it should contain 
under one part in a thousand. To attain an absolute purity would 
be impossible, even with the strongest ventilating currents, both be- 
cause the outer air is itself not absolutely pure, containing from 2 
to 7 parts of carbonic acid in the ten thousand, according to the lo- 
cality; and because the organic product of respiration clings to the 
walls, ceilings, and furniture so pertinaciously that it may be said 
to give to every place its peculiar and characteristic odor. Boston 
Public Garden showed, in May, by four analyses, 3 parts in ten 
thousand." (Storer.) 

A SIMPLE TEST TO ASCiyiTAIN THE PURITY OF THE AIR. 

Lange ^ gives a simple method of measuring the amount of car- 
bonic acid in the air. It depends upon the fact that carbonic acid in 
lime or baryta water produces a precipitate of carbonate of lime or 
baryta which shows itself by clouding the previously clear solution. 
To make the test he used six glass bottles of different capacities. 
No. 1, of 450 cubic centimeters capacity. 

" 2, " 350 " " *' 

*' 3, ** 300 " u t4 ^ 

** 4, " 250 " " " 

" 6, " 200 ** ** " 

" 6, " 150 " ** *' 

When these are quite dry and clean some clear fresh limewater 
is made, fifteen cubic centimeters of the solution measured out, and 
poured into the smallest of the bottles, containing the air of the 
room to be tested. The bottle is stopped up and thoroughly shaken. 
If no cloudiness results therefrom the same experiment is tried with 
bottle No. 5, and so on, until a distinct cloudiness is discernible. A 
cloudiness obtained with the sixth bottle indicates at least 16 parts 
of carbonic acid in 10,000 of the air, an impurity altogether inad- 
missible, so that no smaller bottle need be used. The fifth shows 12 
in 10,000, the fourth about 10 in 10,000, the third 8 in 10,000, or a 
satisfactory condition of the air. The third shows 7 in 10,000, the 
second 6 in 10,000, an unusually pure indoor atmosphere; the first 
indicates from 4 to 5, certainly under 6, in 10,000, a condition rarely 
obtained except in the open air. In order to distinguish with 
greater ease and certainty when the cloudiness is sufficiently strong, 
small pieces of white paper with a cross marked on each in pencil 
may be pasted on the outside of the bottles below the water level, 
with the cross mark turned inwards. When this cross-mark can 
no longer be seen through the solution it may be assumed that the 
cloudiness is sufficient. 

From the experiments of Eresmann ^ it is found that from the 

1 C. Lange, IJeher NatUrliche ^Ventilation vnd die Porosit'dt von BautnaUrialien. 
Stuttgart, 1877. • 

M 2 *' Untersuchungen liber die YerunreiDigung der Laft durch kiinstliche B«*leuchtttng 
und uber die Vertheilung der Kohlensaure in geschloiisendn Rfiuinen.'' Zeitsrhrift fi'ir 
Biologie. vol. xii. 
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consumption of 1,000 liters (about 35 cubic feet) 681 liters of car- 
bonic acid are produced. A burner consuming 140 liters per hour 
(an ordinary 5 foot burner) generates in this time 92.8 liters of car- 
bonic acid, about equal to that produced by four grown-up persons, 
and in respect to organic substances it corrupts the air as much as 
five grown-up persons. 

According to Pettenkofer, a strong workman, weighing 75 kilo- 
grams, and 28 years old, produces hourly 22.6 liters of carbonic 
acid by day while at rest, and 36.3 when at work. A " feeble tailor," 
weighing 53 kilograms, and 26 years old, produces 16.8 liters while 
at rest during the day, and 12.7 during the night. 

Scharling's ^ observations give the fpllowing table : — 



Boy 

Girl 

Youth 

Maiden 

Man 

Woman * 




Hourly Production 

of Carbonic Acid 

in Liters. 

10.8 
9.7 
17.4 
12.9 
18.6 
17.0 



AMOUNT OF FRESH AIR REQUIRED PER HEAD PER MINUTE. 

To calculate the amount of fresh air required per minute by each 
occupant of a room we will assume the number of respirations per 
minute to be 1 7 (average obtained by the writer from five different 
persons at rest). At each breath the volume of air respired amounts 
to about one half liter, and contains, say, 43 parts of carbonic 
acid to 1,000 of air. If we suppose the outside air to contain 
0.5 parts per 1,000, and we wish the limit of impurity in the room 
to be 0.7 parts per 1,000, then each half liter of outside air in- 
troduced will add a volume containing 0.7 — 0.5 = 0.2 parts in 
1,000 less carbonic acid than is required. The half liter respired 
contains 43 parts, and as this breath cannot be reinoved in- 
stantly (unless each occupant breathes through a tube communi 
eating directly with a ventilating flue), it must be diluted with 
as many volumes of the incoming air as are sufficient to raise it to 

the required purity; i. e., ■~^:-^=. 216 volumes of one half liter 
each for each respiration. For 17 respirations we have 3,672 half- 
liters = 1,887 liters, or 1.8 cubic meters. General Morin gives for 
hospitals from 1 to 2.5 cubic meters per head per minute; for thea- 
tres from 0.7 to 0.8 per minute; for assembly rooms, long sittings, 
1.0 per minute; for short sittings, 0.5 per minute; schools for grown- 
up pupils, from 0.4 to 0.5; schools for children, from 0.2 to 0.3. A 
simple rule is to allow for each individual one cubic meter and for 
each unventilated gas-burner three cubic meters per minute, 

1 C. G. Lehmann, Handbueh der physiologischen Chemie. Leipzig, 1864. 
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ALLOWANCE TO BE MADE FOR NATURAL VENTILATION, OR VEN- 
TILATION THROUGH THE PORES AND FISSURES IN THE BUILD- 
ING MATERIALS. 

The supply of this quantity of air is, in ordinary buildings, partly 
obtained by natural ventilation, though to what extent is at present 
unknown, as the matter has been but little studied. It is extremely 
important, therefore, to investigate the subject, and to ascertain, if 
possible, what allowance should be made in our calculations for this 
air supply, and either to regulate its quantity at pleasure or to repress 
it altogether. 

Natural ventilation is directly dependent upon the permeability of 
the building materials, and upon the amount of air pressure upon 
the surfaces of the external walls. 

Many of us have observed, especially in unfinished houses, while 
standing near a bare brick wall on the windward side of the house, 
that a strong breeze passes easily through the brickwork and pro- 
duces a perceptible draught in the interior. This pressure is de- 
pendent upon three considerations, which are given by Langeas fol- 
lows: — 

1. The difference of temperature between the air within and with- 
out the place to be ventilated. 

2. The diffusive tendency of the two masses of air separated by 
the walls of the house. 

3. The strength and direction of the wind. 

Lange shows that the difference of temperature has but little in- 
fluence upon the amount of natural ventilation compared with that 
produced by the wind. It is impossible by any experiments which 
can be made on an actual building to determine accurately the part 
played by the temperature alone as distinct from the wind and dif- 
fusive tendency of gases. But experiments may be made to advan- 
tage on a small scale and with apparatus especially deaigned for the 
purpose. 

Lange gives, by calculation from such experiments,^ the pressure 
on the outer walls of a house 20 meters high, at a barometric press- 
ure of 718 millimeters, the inside temperature being 27. 3° C. and 
the outside temperature 0° C, \. 11^ icUograms per square meter of 
the exposed surface. The amount of ventilation resulting from this 
pressure depends upon the nature of the building materials used, and 
may be easily calculated when the latter is known. 

As for the second consideration, the diffusive power of gases, its 
influence upon the ventilation of^a house through the outer walls 
is, owing to the small difference in the mechanical mixtures of the 
air within and without, and to the consequent diminutive pressure 
against the walls either way, too small to he appreciable, and it may 
therefore be ignored. 

By far the most important agent in natural ventilation is the 
wind. 

1 See page 80. 
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The following table, calculated from Feclet and Smeaton,^ shows 
the pressure of a direct wind per square meter. 



TABLE X. 






0.6 

1. 

2. 

6.5 
10. 
20. 
22.5 
27. 
86. 
45. 



S2 » o 



1.8 
8.6 
7.2 

19.8 

88. 

72. 

81. 

97.2 
129.6 
162.0 



Remarks. 



S|| 

9. S)!» 



Breeze hardly felt. 


03 


Breeie sensible. 


.2 


Moderate or pleasant wind. 


.6 


Quite strong wind. 


45 


Higli wind. 


20. 


Very liigh wind. 


56. 


Storm. 


73. 


Severe storm. 


106. 


Hurricane. 


186. 


Hurricane wtilch uproots trees and ovfrthtows bouses. 


290. 



For an average velocity of the wind of 27 kilometers an hour we 
should have a pressure of one half kilogram per square meter. A 
wind stronger than 36 kilometers an hour would be exceptional, and 
is not to be reckoned upon. This would give us, according to the 
table, 22 kilograms per square meter. But in all cases it is neces- 
sary for the wind to strike the surface at right angles in order to ex- 
ert upon it a pressure corresponding to that shown in the table. In 
consideration of the great variety of force and direction of the wind, 
it cannot be counted upon as a reliable source of ventilation, our 
table showing a pressure varying all the way from 0.03 kilograms to 
290 kilograms per square meter. 

It remains now to ascertain the effect of this pressure in trans- 
mitting air through the walls of our buildings. The air may be 
forced through the wall in two ways, namely, either through the ac- 
cidental cracKs at joints, or through the pores of the materials them- 
selves. 

No arguments are needed to show that the ventilation coming 
from the former is so uncertain in its amount and so disagrreeable 
and dangerous in its character, that every precaution should be taken 
to reduce it to a minimum. By ihe use of good cements, packing, 
and rubber mouldings, it mav be reduced to so minute an amount as 
to be practically inappreciable. 

Porous building materials have the advantage of greater capacity 
for warmth. The conductibility decreases as the porosity increases, 
and what air passes through the walls of a building is warmed in its 
passage. But inasmuch as the loss of heat in radiation from the 

» Fortschritte der Physik. 
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outer walls into space is the same for an equal difference of tem- 
perature between these walls and the objects receiving the rays, 
such a transmission of cold air throuorh them must cool them to an 
extent nearly corresponding to its amount, and deprive them largely 
of their healthful action in radiating heat upon the bodies of the oc- 
cupants. The greatest desideratum in heating is to have the walls 
and floor of a room as warm as possible, leaving the breathing air 
comparatively cool; and anything tending to destroy this effect 
should be avoided as far as possible. 

Experiments have been made by Pettenkofer, Schultze, Marcker, 
Lange, and others on various buildings, to determine the quan- 
tity of air passing through the walls in a given time, under a 
given pressure. Pettenkofer found that the amount of air which 
passed through the walls of his study, per hour, was 0.245 cubic 
meters per square meter of wall-surface for a difference of 1° C. 
between the external and the internal temperatures. But these ex- 
periments give no reliable or accurate data for practice. The only 
way to obtain correct results is to make the tests on a simple scale 
with small pieces of material under a known pressure. 

The principal building materials used in diffjerent countries differ 
greatly in their permeability to air. In Germany they appear to be 
in general more porous than in this country, so that, perhaps, for 
this reason the need of artificial ventilation is less directly felt with 
the Germans than with us. 

Of all building materials none differs more widely in the matter of 
porosity than baked clay or terra-cotta, the material most exten- 
sively used. In the form of certain kinds of fire-brick its porosity 
resembles almost that of a sponge, while in the form of vitrified or 
glazed tile it is absolutely non-porous. A piece of semi-vitrified 
terra-cotta, used in a furnace constructed by the writer, was tested 
by him, and found to permit only 9 cubic centimeters of air to pass 
through per hour, under a pressure of 10 centimeters of a water column 
which is equivalent to a pressure of 10 grams per square centimeter. 
The piece was SO millimeters thick, and presented a surface of 35 
square centimeters to the pressure. For a surface of 1 square meter 
the amount of air forced through would have been 2.6 liters per 
hour, under the same pressui^ of 10 grams per square centimeter. 

Other pieces, in the form of brick, were tested by Dr. Henry P. 
Bowditch, with the following results : — 

Four Taunton bricks allowed the air to pass at the rate of about 
62, 160, 106, and 795 liters respectively, per hour, for the same sur- 
face (1 square meter), same thickness (3 centimeters), and same 
pressure (10 grams per square centimeter). North Bridgewater 
bricks gave 66 and 132 liters; a New York brick, 330 liters; New 
Jersey bricks, 24 and 53 liters; a Philadelphia face brick, 891 liters; 
a hard Eastern brick, 165 liters; and a Dan vers face brick, 231 
liters. Ohio sandstone gave 990 liters. 

The apparatus used for our tests is represented in Fig. 145. Air was 
compressed in a gas-holder shown at the left of the table, and con- 

9 
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ducted by a rubber tube to tiro bent gtssB tubes ci 
chloride of csldum and tlie other gulphuHu acid, in passing through 
which it wa* thorougbly dried. The pressure was measured by a water 
manometer, and the piece of material to be tested was held between 
two cup9 of iron securely connected with the rubber tube in such a 
way that the compressed air could enter freely one exposed side of 
the sample and escape at the opposite side. The four remaining 
sides were covered with an air-proof cement composed of wax and 
rosin to prevent the escape oE air at any other points than that cov- 
ered by the cup and tube opposite the one delivering the fresh air. 



and the whole was kept under water during the test, so tbat any es- 
cape of air might nt once be detected by bubbles. Tlie air thus 
pressed through the material to be tested was finally delivered into 
a graduated glass vessel inverted over a basin of water, and measured; 
The same apparatus was used for testing the soapst^ne before referred 

The apparatus used by Lan^e in making his more extended tests 
in Germany was similar to that above described, except that he 
measured the volume of air before instead of after passing it through 
the material to be tested. This method was less exact because some 
of the air measured might not be actually transmitted through the 
material, owing to leakage. 
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The observations of Schurmann^ and Lange show that the 
amount of air passing through porous materials of homogeneous 
structure under constant pressure is inversely proportional to the 
thickness of the pieces tested. 

Lange gives the following table showing the permeability of vari- 
ous materials under a constant pressure of 10 grams per square cen- 
timeter, and the amount of air in liters or cubic decimeter;^ passing 
through them per hour, per square meter of surface, the pieces 
tested being 30 millimeters thick. 

According to Lange and Marcker, burning increases the porosity 
of brick up to the point of vitrification, when it becomes non- porous. 
The different kinds of bricks vary greatly in porosity. Mortar is 
exceedingly porous, but after remaining some time immersed -in 
water it becomes less so. We see by the table that Portland ce- 
ment transmits 492 liters per square meter, under the slight pressure 
of 10 grams to the square centimeter, or about the hundredth part of 
one atmospheric pressure. It cannot, therefore, as in the form of 
concrete for basement cellars, be considered by any means iis air or , 
damp proof. 

TABLE XI. 



Materials Tested. 



Green sandstone ( Bavarian }. 

" •* (Swi88).... 

Limestone (calcareouti tufa)., 



Amount trans- 
mitted in Li- 
ters. 



ARTIFICIAL STONES. 



Brick, sandal brick of Osnabruck 

'* lightly burnt hand made (Munich;. 
" hard burnt " '• 

" machine made, " 



CEMENTS. 



Mortar . 
Be ton.. 



Portland cemeu t... 
Plaster (gyps.) cast. 



WOODS. 



Oak. 
Pioe, 



468 

426 

28,728 



1,.398 
312 
732 
474 



3,264 
930 
492 
146 



24 

8,686 



Its Permeability 
is represented 
by 



0.130 
0.118 
7.980 



0.383 
0.087 
0.208 
0.182 



0.907 
0.258 
0.187 
0.041 



0.007 
1.010 



fSttXhe different woods vary greatly, pine being more porous even 
than mortar, and oak less porous than the densest bricic. Tufaceous 
limestone was found to be the most porous substance tested. 

The different kinds of bricks and sandstones vary greatly. Ten 



1 Jahresberichtder cheni.lCentralstelle fur offentliche Gesundheitspjfege in Dresden. 



132 The Open Fire-Flace. 

different kinds of sandstone given by Lange varied between 0.3661 
and 0.009 cubic meters of air transmitted under the same pressure in 
the same time, the French sandstone tested transmitting 40 times as 
much air as the German (Sollingsandstein), which was the least 
porous. 

Lanve found that a coat of water-glass (silicate of soda or pot- 
ash) diminished the porosity, and the more so the longer it stood, 
until after a certain time it rendered it entirely non-porous. Oil paint 
acted in the same way as long as it was new. Water-color with glue 
size (Leim farbe) diminished greatly the permeability, more than half, 
and the more the stronger the sizing. Lime water-color (Kalk farbe) 
diminished it the least. Papering diminished the porosity more or 
less according to the nature of the paper and the thickness of the 
paste used in hanging it. The diminution of the permeability varied 
for different tests between 18 and 75 per cent. 

Dampness, due to rain on brickwork, etc., diminished the per- 
meability according to the degree of the moistening, in some cases 
rendering a porous material absolutely non-porous, as in the case of 
Beton and Portland cement. 

Knowing, then, the permeability of our building materials and 
the pressure of the wind, it is easy to calculate the natural ventila- 
tion in any given case. Suppose, for instance, we have a room 6 
meters square and 4 meters high, with one exposed side, and that the 
exposed side contains a window 1 meter wide and 2 meters high. The 
walls are 40 centimeters thick, 30 of which are brick, 4 air-space, 
6 furring and plaster, and present a surface of 24 square meters to 
the outer air. Take out 2 meters for glass surface, because glass is 
non-permeable, and we have 22 square meters of brickwork exposed. 
We have found that 1 square meter of hard Eastern brick 3 centi- 
meters thick will admit 165 liters of air under a pressure of 10 
grams per sauare centimeter. We have, by our table, for plaster 
146 and for laths 3,636. But supposing their permeability and that 
of the mortar to be the same with the brick, we have, for our 40 

centimeters thickness of wall, ^^ ^^ ^ ^ = 250 liters of air trans- 
mitted under the pressure of ten grams per square centimeter, or 
100 kilograms per square meter. 

This pressure is, by the table, equivalent to that of a severe storm 
bearing directly upon the house. 

For a moderate wind the pressure would be about 250 times less, 
and we should have a ventilation of only one liter per hour. For a 
Philadelphia face-brick wall we should have about 5 liters per hour, 
up to 500 liters, or half a cubic meter, in case of a severe^ storm. 
For a gentle breeze, direct, it would be about 2 liters per hour, and 
at right angles with the wall, say, 1 liter a^ain per hour. If the wall 
were papered on the inside or painted in distemper, these figures 
would be reduced, say, one half, and if oil paint were used the 
ventilation would be reduced to nothing. 

Where the walls are built of the limestone given in Lange' s 
table as transmitting 28,728 liters per hour, the ventilation in a high 
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wind would amount to ^'"^ ^ ^ ^ = 47,388 liters = 47.4 cubic 
meters per hour, or 0.8 cubic meters per minute, an amount quite 
sufficient for a single occupant. Thus we see that the ventilation, 
left to the natural permeability of th^ material, would vary with 
every material and with every change of the wind, bein^ greatest 
when the wind was highest and the exterior air was coldest, or in 
other words, when least desired. It is therefore in the highest de- 
gree unreliable. Such a form of air supply is objectionable, too, in 
most cases, on account of its cooling action upon the surrounding 
walls. We have seen that (calculating from Lange's figures) a 
building material may admit air enough to supply one person for 
every 22 square meters of wall-surface exposed directly to the 
wind. 

The matter assumes, then, considerable importance, and demands 
of the heating and ventilating engineer careful study. Indeed, it is 
easy to obtain bricks and stones so porous that a candle may be 
blown out by a slight effort of the breath through pieces many cen- 
timeters in thickness. The experiment may easily be performed 
by any one by attaching rubber tubes to opposite sides of tne sample 
to be tested, and covering the remaining sides with wax in the man- 
ner described. 

While, therefore, it may for many reasons be desirable to employ 
porous materials for building, these materials should be carefully 
coated with non-permeable substances, either outside or inside, or 
both, and every precaution possible should be taken to prevent the 
entrance through them of the outer air, though I am aware that this 
conclusion is exactly the reverse of that held by Lange and others. 

If there were cases where no other sufficient fresh-air supply 
i'otdd be obtained than through the pores of the building materials, 
natural ventilation might be recommended. As it is, there are, un- 
fortunately, many buildings in which no other sufficient supply is 
provided, and natural ventilation then becomes, in spite of us, a 
great good; but as our question here is with well, and not ill venti- 
lated buildings, accuracy and success in our arrangements require 
us to know its greatest extent and provide against it. 

THE POSITION OF THE FRESH-AIR INLET. 

The walls of our building having been made impermeable to 
air, and all cracks or accidental openings having been carefully 
closed, our fresh-air supply may be accurately calculated and con- 
trolled, and the heating surfaces over which it is conducted may be 
utilized to the best advantage. 

The size of our heating surface having been determined by the 
amount of fresh air required to be warmed, and this amount again by 
the maximum number of persons and gas-burners to be supplied, it 
only remains to fix upon the best point or points in the room for the 
fresh <air delivery. Here we enter a long-contested battle-field. 
Whatever means be employed to warm the air before its introduction, 
it should enter and be distributed in such a way as to serve all with- 
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out inconveniencing any. As a general rule, and always where an 
open fire-place is used, the entrance should be at or near the ceiling ^ 
wljatever system of heating or cooling the fresh-air supply be adopted^ 
and whether, upon entering, it be cooler or warmer than the air al- 
ready in the room. If it enter warmer, it will rise at once to the 
ceiling, even if it be first introduced at the floor, so that there is no 
advantage, in the way of heating the floor, by having the hot-air 
registers in or near it. This may be easily verified by burning some 
damp straw in the fresh-air box or flues of a furnace and observ- 
ing the course taken by the warm air thus rendered visible, as it 
issues from a floor register. It will be found to shoot upwards in a 
round column to the ceiling as represented in Fig. 146, more or 




Fig. 146 

less rapidly according as its temperature exceeds more or less that 
of the surroundinsr air. Outside of this column the air will be no 
warmer at or near the floor than if no register there existed, until 
the heated air at the top descends in regular strata to the bottom. 
In fact, one of the best places to draw off the colder and fouler air 
from such a room would be through an opening placed directly by 
the side of this hot-air supply register in the floor. If, on the con- 
trary, the fresh air introduced be cooler than that already in the 
room, it will, if it enter at the floor, escape at once at the fire- 
place opening or at any other foul-air exhaust-flue which may be 
placed near the floor, without rising to the level of the heads of the 
occupants, and be lost. But if the entering air be cooler than the air 
of the room it will greatly inconvenience those who may be seated 
near the inlets, where these inlets are at the bottom of the room, 
especially in large rooms, as in public halls, school-houses, and thea- 
tres; whereas, if the supply registers be at the top and exhaust reg- 
isters at the bottom, no such inconvenience will be felt. No opening 
for extracting the products of respiration should be allowed above 
the level of the heads of the persons occupying the room. If this 
rule be ignored the fresh air will not reach the occupants, and no 
ventilation will be for them effected. Fig. 147 shows what would 
be the result in a bedroom where the exhaust register was placed 
above the head of the sleeper. The warm-air supply register is here 
represented in the floor. If it were in the ceiling the results would 
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be the eame. The hot air first forma itself along tlie ceiling in an 
even horizontal itratuni, just as oil lies on the surface oE a, body of 
a heavier fluid, such as water. As more hot air enters, the first de- 
scends and gives place to it. The lower, cooler, anil heavier strata 



fall ; they seek their own level jujt as would strata of light ani) 
heavy liquids. Air do«s not follow ao docilely and obligingly the 
paths laid out for it by the would-be ventilatoi's, when they explain 
their patent arrangements by little arrows meandering about snake- 
like in pursuit of a " draught," or heated exhaust flue. It does not 
"head" directly to the exhaust register even if the so-called 
" draught " in it be ever so strong. The lower strata only flow out 
at these exhaust openings just as the lower strata of water in a bucket 
would flow out of a hole bored in the side near the bottom. We 
must always bear in mind that it is not the lighter column of air in 
the chimney puUin§tv.p the heavier air in the room, but rather the 
heavy air in the room pushing up the lighter column in the chimney. ' 
There is no suction such as the word " draught " would implv, but 
a simple U[>llfting, by the cooler masses of air outside of the nouse 
and within ihe room, oE the lighter strata or column in the exhaust 
flue. The word " draught " ts a misnomer and is responsible for 
much of the confusion existing upon the subject. With an exhaust 
opening placed as shown in Fig. 147, or worse still at the ceiling, 
where these openings are usually put (though fortunately tliey are 
seldom operative on account of the want of motive power), the sup- 
ply of fresh air might be enormous and yet the sleeper suffer from 
want of it. 

Where a room is healed by a stove and no fresh air is introduced, 
this stratification of the air is broken up, ns shown in Fig. 148, and 
the motion becomes more complicated. Tlie currents may be illus- 
trated by heating with electricity, or otherwise, a piece of metal at 
the bottom of a glass box filled with water containing some coloring 
matter, and throwing the reflection of the water by means of a lens 
and calcium-light upon a screen. 

These all seem like facts simple and reasonable enough. Why 
then such a diversity of opinion regarding the location of ventilating 
openings V It is because in ordinary buildings the question of the 



186 The Open Fire-Plaee. 

disposal of the products of reapirnlioii ia complicated with lliose of 
(he gas-burners, while the two should be kept entire))' distiact, and 
ft Beparate and opposite system of ventilation provided for each. To 



c>uTj- off the products of gas combustion openings above the head 
are necessary. When these openings are placed in the ceiling, aa is 
customary in this country, the upper pure and narm strata of air are . 
impoverished by the products of gas combustion, and it is assumed that 
the only cure ia to drau: it all off at fml as it is generated. The prod- 
ucts of respiration do not rise at once to the ceiling, aa do those of 
illumination. The breath is directed downwards by the form of the 
nostrils and it becomea so quickly mixed with the surrounding air 
that before it has time to riae again to any considerable height it has 
attained the general temperature and follows the general movement 
of the latter, whatever that movement may be. Were the heat and 
impurities of gas combustion carried off at their Jource, and not al- 
lowed to affect the general atmosphere of the room, our problem 
would be at once simpli6ed. The fresh, warm air at the top of the 
room would be kept pure until it descended to the level of the oc 
oupants, when it would perform its office and pass off through the 
exnaust registers below. 

As a general rule, then, the exhaust openings should be near the 
lloor for buildings heated as ia customary at the present day. As an 
exception to this rule may be mentioned the case of bed-rooms in 
which the fresh-air supply ia obtained in winter through the open 
window, and no warm air is introduced. In this case, the air may 
ent«r at a temperature at ornear the freezing point. The purest air 
will then be at the bottom. The breath and exhalationa from the 
skin will rise to the ceiling, and an exhaust register there placed will 
be serviceable. It is well, however, even in such rooms, to have an 
exhaust opening below, aa well aa above, for use where it is found 
desirable to warm tlie pure air before its introduction, as in cases of 
sickness or during the day-time when window ventilation would 
prove inconvenient. 

The exhaust openings would also be in place at the bottom of the 
room, were the system adopted of supplying air partially warmed, 
say, at 10" or 15= C. (50° or C0= F.), to rooms heated to a higher 
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temperature by hot pipes or flues behind or beneath the walls and 
floors. The pure air would then constantly fall below the respired 
air, and the movement of the strata would be the reverse of that now 
obtained. Such a system of heating would be the most agreeable 
and salubrious possible ; but heretofore its costliness has stood in the 
way of its general introduction. The cost being equal, that system 
which approaches most nearly the desideratum mentioned must be 
accounted best. 

ACCIDENTAL CRACKS. 

Under Pressure, however slight, such as that of the air of a fur- 
nace flue of little height, air will escape at a thousand minute open- 
ings in a room having a number of doors and windows, however 
carefully the wood-worK be fitted, even if no exhaust flue be provided. 
The aggregate of all these small openings will furnish an outlet if 
an ample supply be provided under pressure, and where the walls 
are porous the pores themselves will form an outlet. On the other 
hand, these same minute openings will, under slight pressure inwards, 
such as is occasioned by burning a fire in an ordinary open fire-place 
where no fresh-air supply flues are provided, admit the outer air in 
quantities larger than is generally supposed. Mr. L. W. Leeds, in 
his excellent book on ventilation, well says : " In the good old days 
of open wood fires, when, as in our childhood, the real chimney- 
corner was the family sitting-room, so to speak, or at least for the 
children, then, with all the listing of doors, calking of windows, and 
filling up of key-holes, there was certain to be an abundance of fresh 
air that will force its way into the room in spite of all efforts to keep 
it out. But with the introduction of anthracite coal, and air-tight 
stoves, and still worse, steam-pipes, placed in a room for heating 
by direct radiation, the stopping of all draughts, that were before 
so annoying, became a matter of easy accomplishment. The re- 
sults thereof have been perfectly frightful : persons have thus un- 
consciously been smothered to death by the thousands and tens 
of thousands. '^ 

In order to test the influence of a slight pressure in forcing air 
through the pores and accidental fissures of an ordinary living-room, 
the writer made the following experiment A room about five meters 
square and 3.60 meters high, containing five windows on three sides, 
two doors, and a fire-place, with walls and ceilings plastered, and 
floors of soft pine, was taken for experiment, in a city corner house, 
now being built by the writer. A flue ten meters long, from a base- 
ment furnace, furnished the rooms with hot air. The windows and 
doors were first made as tight as possible with rubber mouldings. 
The fire-place was then closed bv drawing the damper and pasting 
paper over the cracks. The brick back and jambs were oiled to ren- 
der them impervious. All the wood-work was thoroughly oiled and 
shellacked. A good fire was lighted in the furnace, and the register 
opened into the room, all doors and windows being closed and 
locked, and the key-holes stoppe 1 ap. The hot air entered almost as 
rapidly with the doors closed a when they stood open, and it con- 
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tinued to enter at the rate of 2.5 cubic meters per minute without 
diminution as long as the experiment was continued. The thermome- 
ter stood at 2° C. outside. The entering hot air ranged from 40° 
to 55° C. The dav was March 3, 1880. Other experiments gave 
the same results, ^he pressure of the hot air from the register was 
sufficient only to raise a single piece of cardboard from the register. 
A i)ortion of the air must have passed through the pores of the 
materials, and the rest through cracks and fissures wxiich escaped 
detection. On the 5th of March, a coat of oil paint was applied to the 
walls and ceilings. This diminished the escape of air only about five 
per cent. On the 19th of March, four coats of oil paint had been put 
on the walls and ceilings, and three coats on the floor, to render them 
absolutely impervious to air. The escape of air was diminished only 
about ten per cent. 

On the 25th of March, all the window-sashes were carefully ex- 
amined, and all visible cracks at the joints, at the pulleys, cord 
fastenings, etc., carefully calked and puttied, and the entire room 
examined, and putty used freely wherever even a suspicion of a 
crack could be found. The result of all this was a diminution at the 
utmost of but twenty per cent in the escape of the air, or, in other 
words, in the entrance of air through the register. Each experi*- 
ment was continued during more than an hour. The air entered as 
freely at the end as at the beginning of the hour, when a volume of 
air, more than e(]ual to the entire capacity of the room, had entered 
it through the register, with no visible outlet. 

Nevertheless, numerous microscopic outlets must have remained, 
especially around the window-sashes, through which the air escaped 
in this large quantity under the slight pressure applied. In order to 
render the room completely air-tight, therefore, it would be necessary to 
surround the windows, doors, mantel, and base-board entirely with a 
thick coating of some absolutely impermeable substance like tar or 
putty, or to paste over tliem large sheets of oil-cloth or paper. The 
room would then, and then only, be hermetically sealed, and the hot 
air from the furnace would cease to enter as soon as it reached its 
limit of compressibility under the pressure applied. 

. VENTILATION OF GAS-BURNERS. 

Where an open fire-place is used, the foul-air exhaust is of ne- 
cessity at the bottom of the room. The supply must therefore of 
necessity be from the top downwards ; for, as we have shown, if the 
air enter cold it would otherwise pass off through the fire-place open- 
ing without ventilating the room, and if it enter hot it would rise at 
once to the ceiling, wherever the inlet might be located. To serve 
for both, as for summer or winter use, as well as to avoid discharsdng: 
directly upon the occupants, it must be at the ceiling. To prevent 
contamination of this air bv the oras-burners, it is necessarv that the 
products of combustion should be removed at once upon their gener- 
ation at the level of the burners^ by ventilating ducts connected with 
each burner. It is urged in objection to this, that the appearance of 
the ventilating ducts would be unsightly, and that no one would con- 
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sent to have so clumBy a contrivance in his house. But the space 
occupied by the ventilating flues need be no greater than tliat ordi- 
narily taken up in the designs of gae-lixtures by meaningless scrolls 



anil liollow easinjs applied solely tor the purpose o 
apparent weight and size of the pipe and improving i 
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Figs. 149 to 157 represent ventilating chandeliers designed by the 
writer. The first two are for the Adams Nervine Hospital, now be- 
ing built by liim at Jamaica 
Plain. Fig. 149 is for the 
dining-room, having eight 
globes surroundinoj a central 
reflector. A section of this 
. chandelier is given in Fig. 
151. A bell is formed over 
the central burner, from 
which ascends the main ven- 
tilating flue enclosing the gas 
supply pipe. Another bell 
encircles this, and carries off 
the gas products from the 
eight globe burners. Eight 
branch flues, one over each 
burner, connect this bell with 
the main ventilating flue. 
The branch flues are double. 




as protection against heat. 
The diameter of the inner 
branch flues is three centi- 
meters each, the outer cov- 
erings are four centimeters, 
that of the main flue eight 
centimeters. It is important 
that the flues should be just 
large enough to carry off the 
products of gas-combustion, 
and no more: otherwise the 
pure warm air of the room 
will be carried off with it and 
wasted. The lower rim of each 
bell is provided with a small 
gutter to catch the return wa- 
ter of condensation. Figures 
' ^' 150 and 152 give the parlor 

chandelier, where each bell is separate from the rest. In this six 
burners are used. The flues are of the same size as in the dining- 
room chandelier. Both of these designs are kept very simple, in 
accordance with the instructions of the Duilding-committee. Fig. 153 
gives a somewhat more elaborate design for a small chandelier with 
two burners and a reflector. This is shown in section in Fig. 154. 
Fig. 155 gives the bell in detail with the condensation gutter. Figs. 
156 and 157 give a view and section of a hall pendant. These designs 
are intended to be executed in brass, fire-gilt. The bells are to have 
an inner lining of sheet-iron, with an air-space between it and the 
brass-work, for the free passage of cool air, to prevent the brass-work 



The Open Mre-Plaee. 141 

from becomiag discolored by heat. Or the bells may be made of 
annealed glaee. 

* A, If 



Figs, 153 and 159 represent an old form of ventilating burner. 
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inveDt«d by Faraday in 1840, applying the descending draught and 
the arg&nd burner with chimney and globe. The glass-hotder is made 
o carry a secoud chim- 



top with a double cover 
of mica. The ^r lo 
supply the burner en- 
ters below the flame, 
through the two trian- 
gular spaces of the 
holder shown in F^. 
159, feeds the flame as 
I it rises in the inside 
\ chimney, and then 
passes down between 
the two chimneys, and 
escapes through the 
exhaust Hue attached 
to the bottom of the 

holder, as shown by 
the arrows. The usual 
form of globe may be 
used over the whole, 
or a special form of 
globe constructed for 
the purpose, with the 
lop closed, may be 
adopted as in the fig- 
ure. If the eshausi- 
tube connects with a 
cold flue, it is neces- 
sary to heat the as- 
cending part in order 
to produce an initial 
draught. Fig. 160 rep- 
vice under a somewhat 
modified form. The 
fresh air has free ac- 
cess to the inner chim- 
ij^ ney from below, and 

returns after support- 
ing the combustion through four branches uniting into one exhaust 
tube, connected with the space between the two chimneys. The plan 
of these four branch exhaust-tubes is dven in Fig. ICl, and the plan 
of the main exhausb-tube below, with flie envelope surrounding it for 
ornament, is given in Fig. 162. 
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This ayMem has been applied in France to the foot-lights of 
theatres. It has the advantage of leesening the cliances of tire catch- 
ing the dresses of the actors, as well as of maiDtainiog the purity 
of the air of the sta^, — a consideratioD of peculiar importance for 
actors and singers, the products of gas-combustion being particularly 
injurious to the throat and lungs. 

Another form of ventilating gas-burner, now much used in Eng- 
land, is shown in Fig. 16S. The air enters below the^lobe, and passes 
out above and also at the ceiling. This exhaust at the ceiling should 
be closed for the reasons already given, only the lower opening being 
used. Fig. 164 gives an arrangement for supplying fresh air to the 
room in addition to the offices performed by the fixture represented 




by Fig. les. Figs. ICo, ICC, and 167 give various forms of the same 
device. In London at the present time ventilating chandeliers are 
used very largely in public buildings. These were oritrinally made 
in the form of a vast bell or hood, covering the entire chandelier or 
crown of lights, But by this arrangement a strong shadow was cast 
on the ceiling by the cover. The inconvenience was remedied by 
using mica slate, instead of opaque material, in the construction of 
the bell, the sheets of mica being supported in an open-work me- 
talhc frame. 

For the single burners of the Adams Ho^^nital, the writer has had 
constructed a form of ventilator shown in lig. 168. A little bell is 
placed over the burner, and connected by means of a small tube, 
about five centimeters in diameter, with a lai^cr flue, ten centimeters 
in diameter, descending to the tjoor. The large fiue is provided with 
a damper near the fioor, by means of which the ventilation |>roduced 
by the heat of the burner may be controlled. The bell and small 
pipe are double, to prevent injurv by heat. 
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Another form, represented in Fig. 169, he has designed for and 
used in a private dwelling-house, now nearly completed, on Dartr 
mouth Street, Boston. In this, ft gl&sa globe ia uEed over the burner, 
and the hood is brought down to the globe, aad may be bent down 
8o as to come in contact wilh it, or it may be slightly rtused bo as to 
leave a very smalt space above the globe for the admission of six. 
The effect of tliis arrangement is quite pleasing. The surface of the 

S!obe va»y be ground, cut, or colored to represent the petals of a 
anging flower, the ventilating tube being the stem. The gas in this 
case is lighted by electricity. Still another and simpler form is 
given in Fig. 170. -This he adopted to ventilate a number of bath 



^ 
^ 



and toilet rooms, in a house built in Salem in 1ST9. It consists of a 
square glass box, Fig. ITl, connected with the main ventilating flue 
in each room to be ventilated, and holding the burner. The supply 
of air in this case conies entirely from the lower opening. To avoid 
flickering, the Iwx must be brought forward in such a manner that 
the current of air passes by without strikin<; the flame. 

" The e:tistence of sulphur compounds in burning gas is to l>e 
regretted as a nearly unavoidable evil ; the only remedy seems to be 
the discharge of the products of combustion through chimneys or 
flues." (Lincoln.) 

According to E. S. Wood, "The sulphurous and sulphuric 
acids which are produced in burning may injure delicate s 
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such as books, gilding, silks, etc., that may be exposed to the air of a 
room in which gas is burned. Where large quantities of impure gas 
are burned, it causes a rapid destruction of textile fabrics, with a 
very acid condition of them. This was especially noticed in the large 
public libraries of London, many years ago ; the covers of many of 
the books in the Athenasum Club-house, the College of Surgeons, and 
elsewhere, becoming destroyed by the sulphuric acid froto the burning 
. gas. The amount of this acid was so great that it could be easily 
tasted by applying the exposed portions of the books to the tongue." 

It is well known that the products of combustion of gas are mghly 
injurious, and sometimes fatal, to flowers and plants. These rapidly 
fade in crowded ball-rooms, and plants growing in our houses for 
ornament become sickly and feeble where they are not protected 
from the corrosive influence of the acid gases. 

" Xearly all of the sulphur is converted into sulphuric acid, which 
is a vapor readily condensed on the walls and other objects contained 
in a room. Gas not unfrequently contains 30 grains of sulphur per 
100 cubic feet, which in burning gives rise to 90 grains of sulphuric 
acid ; and this is the amount which would be produced by five four- 
foot burners during five hours." (Lincoln.) 

But besides carbonic and sulphuric acid gases, we have the dreaded 
carbonic oxide gas, which escapes into the room in considerable quan- 
tities (Parkes) whenever gas is partly burnt. This often happens 
with the varying pressure in the mains. 

The Faraday Gas-Ventilator (Figs. 158-161) is said to be open to 
the objection that the draught is liable to be irregular and the chim- 
ney to become blackened with smoke. Though with careful construc- 
tion and management both of these objections might be obviated, 
yet where the chance of this is great, other forms should be adopted. 
For the footlights of theatres a ventilator constructed as in Figs. 172 
to 1 76 mi^ht be practicable. 
In this the footlight-screen 
and ventilator are combined. 
Fig. 172 gives a side view of 
the device, and Fig. 173 a 
vertical section, showing in 
both cases a section of the 
large horizontal ventilating- 
flue connecting the several 
branch ventilators together 
and passing along at the foot 
of the lights, partially screen- 
in^them from the audience. 

Fig. 1 74 gives a view as seen from the stage, and Fig. 1 75 as seeL 
from the auditorium. In both cases a side view of the main flue is 
given. A horizontal section is shown in Fig. 176. The main flue 
should, of course, be large enough to carry off the products of com- 
bustion from the entire circuit of lights. Each branch-ventilator 
should be quite small, — only enough, and no more than enough, to 

10 







Figs. 172 — 176. 
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serve for its own burner. A ga&-jet burning in the perpendicular 
portion of the main Hue would create sufficient initiatory draught 
therein, and should be lighted with or before the footlights. 

The fatigue experienced at and after a late evening party is largely 
due to the impurity of the air of the ball-room. A dozen unventi- 
lated gas-burners exhaust the atmosphere as much as would forty or 
fifty guests. The result is general discomfort and often evident per- 
manent injury to the health. Were the host aware of the extent to 
which the enjoyment of his entertainment — not to say the health of 
his guests — is impaired by these causes, which a fractional part of 
the cost of the feast could have removed, he would have provided pure 
air for the lungs of his friends, even if to do so it had been necessary 
for him to buv simpler food for their stomachs and reduce his band 
of fiddlers. The body is covered with little vent-tubes, many hun- 
dreds in every square inch, called perspiration-tubes, for the escape of 
vapor and fatty matter from the skin. This vapor arises constantly 
from all parts of the body, carrying with it the decayed organic 
matter thrown off in large quantities every day from the pores, and 
mingles with the breath, itself loaded with the impurities which it is 
its very office to remove from the blood. What if, instead of com- 
pelling our guests to feed their lungs upon these exhalations from the 
skin and nostrils of their friends, both healthy and diseased, while 
they were allowed fresh viands for eating, we should reverse the treat- 
ment and compel them to eat in rotation one and the same dish, each 
devouring the morsels that another had masticated and returned 
again for the enjoyment of the rest ! The idea is to us disgusting. 
But we need to be disgusted to induce us to unprove our condition, 
and the idea would hardly appear more revolting to us than that of 
consuming the foetid breath oi our neighbors, had not habit rendered 
us peculiarly callous to the latter. Yet how delicate the structure of 
our lungs, and how careful should be our treatment of them ! The 
extent of the respiratory surface in the lungs of an average adult 
is calculated by Lieberkiihn ^ at fourteen hundred square feet, and 
the number of air-cells of which it is composed is estimated by some 
at six hundred millions. Through this wonderfully complex struct- 
ure the air of our crowded ball-rooms is pumped twenty times a min- 
ute, loaded with its dust and impurities, although it is here that the 
blood should be aerated for purification ! " There are," says Leeds, 
" on an average, about seventy-two pulsations of the heart every 
minute, and two ounces of blood are passed through the lungs at 
each pulsation, or from sixty-five to seventy gallons every hour, and 
from forty to sixty barrels per day. . . . We thus see the very large 
amounts of blood and air that circulate through the lungs, and can 
easily imagine of how much greater importance the proper supply of 
air is to the maintenance of good health than the supply of food,' be- 
cause, while we eat less than two pounds daily, we breathe fifteen 
times that amount, or about thirty pounds." Fifty barrels of blood 
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are forced through the hundreds of millions of air-cells of the lungs 
for the purpose of obtaining the purification of fresh air. Yet we give 
it foul. An atmosphere forty miles in height has been provided 
by Nature, to ensure, us an ample supply for this blood purification, 
and at the same time we have been provided with a breathing ap- 
paratus evidently designed to prevent inhalation of the same breath 
twice. Yet we snut our friends up for entertainment in boxes so ar- 
ranged that it is impossible for them to obtain a single breath of air 
that has not been breathed over and over again, perhaps a hundred 
times and by a hundred different persons. The impurities of the 
blood have then to be carried back again from the lungs to all parts 
of the system, and diseases of all forms follow. When the delicate 
air-cells become choked, consumption begins. Unfortunately we do 
not always observe in crowded rooms the gradual deterioration of 
the atmosphere, because the senses become benumbed and accustomed 
to it ; but enter suddenly from the outer air, and the foulness appears 
at once. 

In the room described as allowing two cubic meters of air to pass 
by way of invisible cracks, there were five windows having north, 
south, and west exposure, and two doors, to say nothing of a fire- 
place and three other openings for gas-ventilation, etc. When the 
experiments were made, all the furnace registers throughout the 
house were shut excepting the one in this room, so that the maximum 
of hot-air pressure might be obtained at this point. The amount of 
air forced through the chamber was, nevertheless, only 1.5 cubic 
meters per minute. Were the number of openings reduced one-half, 
leaving a number more usually found in rooms of the size of this, the 
ventilation under the same pressure would have been 0.75 cubic 
meter, — hardly sufiicient for one person. Had there been but two 
openings, say one window and one door, a condition not infre- 
quent, we should have had only about 0.4 meter of fresh air per min- 
ute, and the air of the room would very soon become foul, even with- 
out the consumption of gas and under the pressure of the hot-air 
column. Were the pressure removed the air of the room would have 
been nearly stagnant. 

In heating and ventilating a room, provision should be made for 
the maximum number of persons it is likely at any time to contain, 
and for each burner contained in it, supposing all to be in use. 
A parlor, for instance, in which an entertainment for fifty guests is 
provided, and ten unventilated gas-burners, are used, should have 
foul-air exhaust openings and fresh-air supply sufiicient to change 
the air at the rate of one hundred cubic meters a minute, or, if the 
gas-burners are ventilated, at the rate of fifty cubic meters per min- 
ute, assuming that the room is connected with others equally filled 
with guests and burners. Supposing we allow the air to travel 
through the openings at the rate of one hundred meters a minute, 
these openings, both exhaust and supply, should each be at least a 
meter square in the aggregate, and the arrangements for changing 
the air should be such that the air is actually and not merely 
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apparently changed at the rate established, and this without extraor- 
dinary expense or inconvenience. There are few rooms to be found 
with even an approximation to such ventilation. It is nevertheless 
possible, and tlie manner in which it has been accomplished by the 
writer will next be described. 

THE FURNACE VENTILATING FIRE-PLACE. 

Fig. 179 gives a plan of the parlor floor of the writer's house now 
being built in Boston after his drawings and specifications. Fig. 181 
represents a portion of the fire-place side of the front parlor, a room 
about seven meters square and four meters high, large enough to 
seat twenty-five guests comfortably. In it there are ten gas-burners. 
These were unwillingly left unventilated, because of associations 
attaching to the chandeliers long used by the family. Provision has 
therefore been made for changing the air on special occasions at the 
rate of sixty-five cubic meters per minute through exhaust openings 
placed both at the ceiling and at the floor. The use of the unventi- 
lated gas-burners is a serious blemish in the system of ventilation 
employed. But as this unfortunately is a condition at present usu- 
ally encountered by the sanitarian, who would find few persons 
willing to alter their fixtures for the sake of pure air, it is important 
to know the best way to meet it. 

The plan of the fire-place in this room is shown in Fig. 182. The 
back is constructed of a slab of soapstone, faced on the room side 
with ornamental unglazed tiles. The sides are built of fire-brick, 
faced with glazed tiles, which reflect the light and heat of the flames 
and add to the effect of the fire. Behind the back and sides of the 
fire-place is a fresh-air space into which pure air is admitted directly 
from the outside through a register openmg from the open vestibule 
as shown in Figs. 178 and 188, the latter being the front elevation of 
the house. The register is placed a meter up from the floor of the 
vestibule, which is tiled up to the ceiling and open to the outer air, 
the front door being further in. The purity of the fresh air at all times 
is thus ensured. Its supply is regulated by a simple valve near the 
register, operated from tne parlor by a cord at the right-hand side 
of the chimney-breast. The valve is nothing more than a plate of 
^inch iron, which is lifted when the cord is pulled from within 
and opens the register, closing it again wholly or partially when the 
cord is released. 

The fresh air is first moderately warmed by coming in contact with 
the heated back and sides of the fire-place, and then rises into a 
large fresh-air chamber above the mantel and behind the chimney- 
breast, represented in section in Figs. 184 and 185. Here it strikes 
the hot walls of an enlargement of the smoke-flue, similar in pur- 
pose to that described by Peclet (Fig. 126), though different in size, 
lorm, and prinqiple of construction. After having been further 
warmed by .contact with this furnace-attachment or heat-distributor 
in the smoke-flue, it enters the room through an ornamental cut-brass 
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Figs. 177 — 180. 
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«gister in the chimney-breast, near the ceiling (Fig. 181), or it may 
>e allowed to pass intc the second-story room above, through a valve 
D the ceiling of the fresh-air chamber, shown at the top of Fig, 184, 
ineratPd hv a ™rH an.l to.cl •* fV.e left-hand side of the chfmney- 
LS in this caae made of carefully 



baked terra-cotta, eapecially prepared with a view to resisting the 
strongest heat and the most sudden changes of temperiUure without 
cracking. As a test, before making one ot these radiators, the writer 
liad a piece of terra-cotta, of the kind to be used, heated to different 
degrees of heat, including red-heat. Cold water dashed upon the 
sample raised to these temperatures produced do apparent injurious- 
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effect. On the other hand, if the clay is not of the proper kind and 
properly baked, a strong tiame may quickly crack it when it is sar- 
roiinded with cold air. Fig. 186 gives tliis distributor in perepective, 
somewhat modified in form, to show another way of arranging the 
dampers. The name "distributor" is given it, in preference to 
" radiator," as expressing more aecnrately its office : the heat is not 
obtained from it by radiation, except in a slight degree, but by con- 
Tection, and "convector" would therefore be a more appropriate 
terra. But any hot Hue would in this sense be a heat " convector 
as well as this. Its moat characteristic function is to break up and 
spread out the current of smoke, and distribute its heat over a large 
surface, that it may be more readily taken up by thefresh air brought 

The movement of the smoke and of the fresh air are clearly repre- 
sented in the sections by arrows. By referring to Fig. Hi of, the 
soapstone furnace, it will be seen that the general principle of circu- 
lation is somewhat similar in the two devices. The column of smoke 
is subdivided and brought efficiently in conWct with a lan^e lieating- 



surface, without encountering sufficient resistance dangerously to 
obstruct its passage. Tlie fresh air strikes almost every part of the 
heating-surface, without in tta turn encountering serious resistance. 
By re^rrtng again to the Chilson furnace (Fig. 134), we see how the 
smoke ia distributed equally among the six upright flues by a con- 
traction of these flues at the top. To avoid the danger of clogging 
with soot, as well as the loss of neating-surface that would be invwved 
by a diminution of the flues, the principle of an Interior, instead of 
an exterior cone, in the form of a movable cone-sliaped damper, has 
been adopted, so placed in each flue that, while it diminishes the 
opening, it leaves tlie heating-surface undiminished. By tLis means, 
on the one hand, clogging is avoided, and cleaning facilitated, and on 
the other a greater heating-surface ia presented to the rising freah 
air, at leas cost and in a more effective manner. The retreating sur- 
faces of the cone, which appear rather to shun than to court the 
contact of the air, are avoided. Parallel surfaces arc subsdtuted, 
and these may be perpendicular, or fliey may be placed at an inclinai- 
tion, as in Fig. 184, and so arranged diagonally over each other (as 
in Fig. IS.!) ftiat the fresh air ia forced to embrace every part. To 
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ascertain if this contact took place actualhj, and not merely theoret- 
ically, an opening in the fresh-air 
chamber enclosing the heater was 
made in such a manner that the 
movement ot the current of air 
could be seen by the aid of a little 
smoke mixed with it. The air was 
found to circulate about the pipes 
exactly as ex]>ected, and as indi- 
cated by the arrows. The connect- 
ing pipea should never bo placed . 
horizontally unless the drau^t 
in the chimney is powerful, but 
either at an inchnation or perpen- 
dicularly, as in Fig. 187, because 
in these positions veiy little ob- i 
struction is offered to the passi ^ 
of the smoke. The dampers should j 
alinays be placed as far from the 
throat of Che fre^ace as possible, 
in order to give the smoke opfor- ' 
tunity to rise as far as possible 
and fill the pipes before meeting 
with the least obstruction. ^'» ' **■ 

If these precautions be observed, such a distributor may be used in 
the same flue at each story of a building of any number of stories, 
without destroying the draught, for the slight obstruction occasioned 
by each distributor is more than offset by the improvement of the 
draught made by each additional story added in the height of the 
chimney. 

In the chimney of the fire-place in question only two distributors 
were required. These appear to have no injurious effect whatever 
upon the draught, although flat dampers are used in them instead 
of the cone-sloped ones recommended and shown in the drawings. 

The fresh warm air having entered the room as described, at the 
ceiling, descends as it cools, and gives place to that which follows, 
until it reaches the fire-place opening below, through wliich it 
finally escapes. In this way, for every-day use, the draught of the 
fire-place is supplied entirely with fresh air previously warmed 
against the smoKe-tlue, and the amount of air changed is, on these 
occasions, dependent upon the size of the smoke-flue, the inlet regis- 
ters being as laree as desired. For special occasions, however, when 
the room is full, and a much greater change of iur is needed, the 
ventilators are caused to act in a manner quite different. The cold- 
air supply register at the lack (rf the fire-place is closed. The damp- 
er at the top of the fresh-air chamber (Fig. 184, top) is opened, and 
the warm-air supply register at the top of the room becomes a foul- 
air exhaust flue to assist the fire-place smoke-flue in carrjing off the 
extra quantity of heat and foul nir generated by the gas-lights and 
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mieats, to the corresponding chambers above. Thence it enters a 
large exhauaMlue provided for it at the (op of the 'house and is 
removed. Fig. 187 shows the chiraney-stacfc with this exhaust-flue 
at the top. This system may be adopted always in summer. 

Where the rooms above are, as is customary, used for cloak-rooms 



or dressing-rooms during an enterttunment, the open fire-places in 
tbem may be made to assist in the ventilation of the occupied room 
below as follows : The registers in the chimney-breasts at the tops 
of these rooms are left open. That part of the foul air which does 
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not escape through the damper at the top of the air-chamber con- 
taining the distributor enters the room through these registers, and 
is carried off through the open fire-places, just as does the fresh air 
in the room below. At the close of the entertainment these rooms 
may be thoroughly aired by opening the windows. Such use of the 
upper rooms is, of course, not to be recommended ; but where for 
the sake of economy the exhaust-flue at the top of the house is 
omitted, recourse may be had to this method. The removal of 
the foul air being thus provided for, the fresh air is supplied on festal 
occasions as follows : Open fires on these occasions in the occupied 
rooms are not often used. Their heat would be too unevenly distrib- 
uted, and would prove insupportable to those nearest them. More- 
over but a comparatively small amount of artificial heat is required. 
Each guest is an open fire-place to the rest, generating about as 
much heat as an ordinary candle. Each gas-burner forms another 
open fire, and radiates its heat in every direction. All that is neces- 
sary is to take the chill off of the large volume of fresh air intro- 
duced, so that, with ample ventilation, no unpleasant draughts are 
felt. For this purpose a small furnace, with a very large fresh- 
air box, is placed in the basement. It stands in this case under the 
parlor, and the fresh air is taken directly from the open vestibule 
through large cut brass registers, similar to that already described 
for the open fire-place. Thin cut brass is used in preference to the 
ordinary enamelled iron, because it does not show the dust as this does. 
A volume of air as large as is required and slightly warmed is thus 
distributed over the ground floor occupied by the guests. The doors 
of the entertainment rooms are usually left open so that if desired 
the supply of fresh air comes from the entire house ^excepting those 
rooms which receive and serve as passages for the ibul air and are 
therefore closed off), instead of from a single renter, though the lat- 
ter should be large enough to do the work lor each room alone. 
Should then the weather be moderate, the windows in the upper 
stories may be opened wide, or, if it be cold, partially opened, and the 
general temperature of the house lowered as the heat below increases,, 
or regulated at pleasure. No window in the entertainment-rooms 
need ever be raised as is now customary generally at supper-time, 
much to the annoyance and distress of many of the guests. 

What now is the motive power, which, when the fire-place is not 
in use, produces in the exhaust-flues a draught of the required veloc- 
ity — powerful, reliable, steady and yet easuy controlled? 

At one end of the house this motive power is furnished by the fur- 
nace smoike-flue when a furnace is used, or by a gas-jet in the air- 
chamber when it is not ; at the other end, by the range smoke-flue, 
which, if desirable, may be aided by a gas-jet in the fresh-air 
chamber. 

In Figs. 184 and 187, the sheet-iron furnace-flue will be seen at the 
right of the distributor. The iron is one millimeter thick and 
extends up to the ceiling of the third story. The flue at this point 
becomes an ordinary eight-inch by twelve-inch (20 by 30 cm.) brick 
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flue. The parlor fire-place flue and distributors are also constructed 
of heavy sheet-iron pipe 1 mm. thick and 25 cm. (10 inches) in diam- 
eter, but the iron ascends only to the ceiling of the third story, where, 
like the furnace-flue, it enters a brick flue (in this case 30 cm. square). 

No iron flue should ever run to the top of a chimney, for two 
reasons ; first, because of the condensation of the water of combus- 
tion, which requires an absorbent material, like brickwork, to take it 
up before it falls back into the pipe to rust it and make a disagree- 
able dripping sound ; and, second, because of the unnecessary expense 
of so doing. 

This iron furnace-flue, coming in close contact with the fire-place 
flue, heats it to such an extent that a powerful ventilating draught is 
maintained in the latter at all times. The furnace-flue also heats the 
air in the fresh-air chamber, and produces another powerful venti- 
lating draught through the upper register. The velocity at this 
point may juso be increased almost without limit by a lighted gas-jet 
placed just under the damper opening from the top of the air-chamoer 
into the space above (Fig. 184, top, gas-jet represented by asterisk). 
This gas is lighted and extinguished in the writer's house by elec- 
trical apparatus, — the safest, most economical and most convenient 
method ; but where electricity is not used, the gas may be lighted 
with a match or gas-torch, through the brass register at the top of 
the room. 

These two openings then — the registei; above and the fire-place 
smoke-flue below — are capable, combined, of carrying off the foul 
air of the parlor at the rate of sixty or seventy cubic meters a 
minute, without inconvenience to a single guest. By enlarging the 
registers and flues, any desired increase of ventilation might liave 
been provided for at but slightly increased cost. Experiments made 
in the same air-chamber and under similar conditions on two distrib- 
utors of the same size, one made of terra-cotta and one of iron, 
showed the yield of heat per hour to be considerably greater for the 
iron than for the terra-cotta. Nevertheless, the latter raised the air 
to as high a temperature as was desirable, and, in consideration of 
its greater durability, may in some cases be preferred to the latter. 
It is particularly to be recommended in the lower story, when other 
distributors are used in the same smoke-flue in the stories above. If 
terra-cotta be used on the first story, iron should be used on the 
second, and, if the first cost were not too great, copper would be the 
best material for the third, as being the best healrconductor, and 
therefore best able to draw from the smoke the remainder of its heat. 
Copper also is better able to stand moisture than iron, but is sooner 
destroyed by great heat. All things considered, stout sheet-iron is 
much the best material for our purpose, since our object is generally 
to extract from the smoke the maximum amount of heat at the least 
cost and in the smallest space. The cost of manufacture in terra- 
cotta is greater than in iron when the number required is small, but 
less when it is large. 

The form of the iron distributor is seen in Figs. 188 and 189. 
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The connecting-pipes are all perpendicular. Five of these pipes are 
15 cm. (sLx incheB) in diameter, and stand 10 cm. (four inches) apart 
from each other; a sixth is 25 cm. in diameter. But all the upright 
pipes might be as large as the largest (increasing the dampers in 
proportion), and the heating surface would be eo much greater. It 
is found most economical to make the upper and lower horizontal 
pipes rectangular in section and the connecting-pipes circular. 
Round pipes are cheaper than square, but the upper and lower 



pipes are made square to simplify the connection and facilitate the 
riveting. The perpendicular pipes require no clean-out holes when 
iron is used, because a smart rap on the pipe is sufficient to cause the 
caked soot to fall to the bottom. The upper horizontal pipe has a 
round cleanout hole in the centre of the accessible side. The hole 
is covered with an ordinary tight-fitting sheet-iron cover. 

When these distributors are used in a smoke-fiue, their size of 
course depends upon the amount of available space behind the 
chimney-breast. In general, no increase in the size of the breast * 
beyond what is customary is necessary. In the lower stories where 
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fire-places are mo8t used, and where the distributor is most desirable, 
only a single smoke-flue is usually to be found behind the chimney- 
breast in addition to that of the fire-place in question, namely, the 
furnace-flue at one end of the house and the range-flue at the other. 
Nevertheless, on these stories chimney-breasts are usually boxed out 
to a width of two or more meters to give them an agreeable propor- 
tion, and to allow room for the mantelpiece and shelf! so that a space 
of one or two .meters in width is generally utterly wasted. The dis- 
tributor is built to just occupy this waste space ; tnough if more room 
is desired, its width can usually be increased without injury to the 
appearance of the room. The projection of the breast into the room 
is not increased over what is customary. In order to permit of ready 
access to, or of complete removal of, the distributor at any time 
without injury to the surroundings or to itself, an opening is left in 
the front or side of the chimneyireast sufficiently large to allow of 
its removal and replacement in a single piece; the masonr}^ above 
being supported by a brick arch, corbel, iron beam (as shown in Fig. 
189), or by a heavy piece of flagging which may serve at the same 
time for the hearth of the fire-place above. The use of the flagging 
has the advantage of doing away with the need of the trimmer-arch 
and its header, and of leaving room for the safe passage of the venti- 
lating pipe of the gas-chandeliers, the thickness of the flagging requir- 
ing seldom to be as great as the depth of the joists. The joists, 
usually mortised into tie header, may be hung with irons to the outer 
edge of the flagging, which may be strengthened if desired, where 
the span is great, by an iron beam. In consideration of this advan- 
tage of allowing safe passage for gas-ventilators, and of dispensing 
with the brick trimmer-arch, and of the saving of tiles, face-brick, or 
marble, where the smoothed surface of the flagging is allowed to serve 
as the hearth for the fire-place above, the use of flagging does not 
necessarily add to the expense of the building, provided the plans 
are carefully and understandingly drawn before the work is begun. 
These openings in the masonry of the chimney-breast are then covered 
by hinged panels, which may be made as ornamental as circumstances 
and the skill of the architect will allow. The backs of the panels 
should, of course, be tinned, with proper air-space behind the tinning 
to avoid injury from heat radiation. With these precautions this 
arrangement of the smoke-flue renders it as much safer than the 
ordinary flue, as a double flue is safer than a single one, and justifies 
lowering the rates of insurance on houses containing them. When 
the side instead of the front of the chimney-breast contains the door, 
its decoration becomes, of course, comparatively unimportant, merely 
a moulding being required to cover the joints of the hinged panel. 
But openings of the requisite size are rarely practicable at the side, 
for the reason that the projection of the chimney-breast is insufficient, 
the flues usually retreating into the main wall. 

Instead of the conical dampers shown in Fig. 188, when the draught 
is good, a simple sheet of iron of nearly the length and width of the 
horizontal pipe and containing a series of holes cut in it correspond- 
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ing to the flues below, may be placed over the openings of the up- 
right pipes to regulate the passage of the smoke. The position of 
the damper over the perpendicular flues regulates the amount of open- 
ing in each. 

In Fig. 181, the fire-place opening is shown closed with doors of 
soapstone decorated with incised carving. The writer has not, how- 
ever, tried these doors on account of the difficulty of eenstructing 
them. They form no necessary part of the apparatus, and are 
offered merely as suggestions. Tney are here divided into three 
panels ; the lower two Side to the right and left in slots shown in Fig. 
182. The upper panel rises like a window-sash, and when open takes 
the position shown in Fig. 189. It is hung by chains running 
over pulleys and balanced by weights, after the principle of the 
" Lhomond " blower shown in Figs. 60, 61, 62, 83, and others. The 
object of this arrangement of doors is twofold. It allows the fire 
either to be enclosed at night for safety by shutting all three doors, 
or it allows it to be increased in activity by opening the lower two 
doors and using the uj^er one after the manner of the " Lhomond " 
blower. These doors are (Resigned to be made of soapstone in order 
to render them more air-tight than is possible witn metal under 
great changes of temperature. The edges are tongued and grooved to 
fit nicely into each other when closed. Elastic strips of thin brass might 
be fastened to the facings to increase the tightness by bearing against 
the soapstone doors, but it is not probable that the advantage 
thereby gained would justify the extra outlay, inasmuch as even with 
them a sufficient degree of tightness could not probably be attained 
to arrest combustion and keep the cinders alive over night. Were 
this possible these dampers would be of the greatest value. As it is, 
their chief object is security against fire. 

In Fig. 190 we have the same device in another form. The 
panels are in this case made of mica-slate set in a sculptured soap- 
stone frame. The mica-slate becomes blackened by smoke in the 
course of time, but it may be readily cleaned or replaced by new. 
The effect of the fire behind them is very pleasing. The drawing is 
taken from the writer's dining-room, except that the soapstone blowers 
have not been constructed. Inasmuch as the dining-room fire-place 
is rarely used, the smoke-flue is left simple. The lower part is, how- 
ever, made of terra-cotta drain-pipe, wnich passes through the air- 
chamber in a straight line to the floor of the room above, and then 
enters an ordinary brick flue. It thus forms a Galton flue. The 
free space in the chimney-breast by the side of this flue is occupied 
by an iron distributor like that shown in Figs. 188 and 189, connected 
with the smoke-flue of the kitehen range below. In the chamber 
above, the same flue passes through another similar iron distributor, 
so that a large enougn proportion of the range heat is saved to heat 
and ventilate both rooms without injury to the draught. 

It may be sometimes convenient to draw the fresh air from the 
room itself instead of from the outside, when small fires are burned 
in the fire-place at irregular intervals and insufficient heat is gener- 
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ated in the distributor to raise the temperature of the out«r air to the 
required degree. But this should only be done when the fire-place 
draught is supplied from the narm-air flues of a furnace. Where no 
furnace is in use in tbe house the air takeu across the distributor 
should always be drawn from the outside. It will otherwise come 
into the house unwarmed through chance cracks, and the result will 
be that exactly that amount of heat which it could otherwise have 
abBtracted from the distributor wiU he lost. 

The hinged panel in the chimney-breast of F^, 190 is decorated 
with an oil painting and protected on the back by tinning. The entire 



wooden front of the chimney-breast in this case can be made to 
take down, by removing the four large screws or bolts at the right 
and left comers of the mantel-shelf and under the brass warm-air 
registers at the top. On the right and left are two sideboards, in 
connection with one of which, tbe lower square pipe of the distrib- 
utor serves as a plate-warmer. Where two fire-places built over 
each other in tlie same stack are both likely to be used, but seldom at 
the same time, the same distributor may be connected with both of 
their smoke-flues in tbe manner shown in longitudinal section in Fig, 
When one of the fires is in use, it is only necessary to close 



tbe damper in the. throat of the other. But both fire-plaees may be 
' - "- ■^- "^ ■- " "^--thef'"" ■ 



ce, because they have separate flues above the distributor, 
une oi tne flues may be me range-flue, and tbe Fie. 191 gives thi 
distributor actually designed tor the fire-place ann range (thougl 
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not so constructed). Fig. 192 giyes the t 

Hatne fire-place and chimney-breast. The soapatone 




horizontal section of the distributor 
and of the hinged and movable pan- 
els. The bricK wall is vaulted be- 
hind the fresh-air space for the pres- 
ervation of the radiated lieat. 

We see by the section (Fig. 18fl) 
that the back of the hinged panel 
is furred out in such a manner as to bring the tin-work close up to 
the perpendicular pipes of the distributor, just above the lower hori- 
zontal pipe. The object of (his is to direct tlie risin"- current of 
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fresh air against and between these upright pipes. Half of the suc- 
cess of the apparatus depends upon the care taken in setting, so that 
the fresh air shall be forced to strike every part of the heating-sur- 
face. To prevent loss of heat by the radiation of the pipes upon 
each other, thin strips of sheet-iron should be placed between them. 
This greatly increases the heating-surface. 

By referring to the historical division of our subject, we shall see 
that the peculiarities and advantages of many of the ventilating fire- 
places and hot-air furnaces described have been brought together in 
a single apparatus. 

The principle of the sloping jambs of Ganger and Rumford (Fig. 
36) has been respected in the form of the fire-place itself. The 
fresh-air supply of Savot and Ganger at the back (Figs. 29, 30, and 
34) is represented in the lower register behind the fire-place. The 
two-way valve (Fig. 38) may be used to regulate the admission of the 
fresh air from the outside, or from the room itself. The caliducts or 
meanders of Savot and Gauger (Fio;. 37) are reproduced in a simpler 
form in the " distributor " pipes. The contracted throat of the fire- 
place, the bevelled back and its rounded upper edge, and the non- 
conducting, heat-radiating finings of Rumford are found in the form 
and material (soapstone and tile) of our fire-place ; the " soufflet " 
of Lhomond (Fig. 60) is given in the soapstone blower. The mov- 
able grate of Bronzac (Figs. 62 and 63) is or may be retained. For 
the inverted smoke-flue of Desarnod (Fig. 65) and Montalembert (Fig. 
66), of Douglas Galton (Figs. 67 and 68), of Descroizilles (Fig. 69), of 
Peclet (Figs. 70, 71, and 72), we have substituted the simple conical 
damper in the upright flues, and obtained results equally good with- 
out danger of smoke or clogging. The advantages of the Taylor 
fire-place (Fig. 73) are retained in the use of terra^jotta, while its 
disadvantages are avoided by placing it where it can easily be 
reached for cleaning or repair. The further improvements of l!leras 
(Fig. 75), Fondet (Figs. 84 and 85), Cordier (Figs. 86 and 87), and 
others, in the use of a direct smoke-flue with circulating fresh-air cur- 
rent, have been adopted in the upright pipes and meandering air- 
passage, and in the manner in which the fresh air is brought in 
contact with the distributor by the sides of the air-chamber and the 
tin linings. The principle shown in Figs. 80, 81, 82, and in the 
fire-places of Joly and Galton (Figs. 100, 101, and 103), of the increase 
of heating-surface by the use of iron plates intercepting or con- 
ducting radiant heat, has been followed in the use of the iron sheets 
placed between the upright radiating pipes. The principle of plac- 
ing the heating-surface above the mantel, and of increasing it by 
extending the smoke-flue at this point (Fig. 125), is developed and 
carried to its utmost limits in the form and duplication of the dis- 
tributor. The principle explained in connection with Fig. 129, by 
which all the heat of the smoke may be obtained without destroying the 
draught, is employed to advantage. Finally, the extended heatincr- 
surface of a basement furnace is emulated. The simplicity of the Mac- 
Gregor or Magee drum furnace (Fig. 132), the durability and tightness 
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of the aoapstone (Fig. 144) and terra-cotta furnaces (Fig. 143), the 
increased ueating sunace obtained b; the use of separate pipes (Figs. 
133, 134, 140, 141, and 142), are 
soueht. The distribution of the 
smoke is accomplished with the 
minimum of friction and cost, and 
withal, the artistic treatment of 
the fire-place and mantel is unob- 
structed. 

Any one of tlie ventilating fire- 
places described may be used in 
connection with it, and, by the 
combination, the maximum of ef- 
fect may be reached in the mini- 
mum of space. 

Figs. 195-199 give this combi- 
nation with the Fire-PIace Heater. 
The form of the distributor as p. ^^. 

here used is objectionable on ac- 
count of the reversed draught, although the particular chimney in which 
this was used had a powerful draugrit ana never smoked. Widi aa 
ordinary draught, however, it might be troublesome, and is not to be 



recommended. The lower two elbows are made to slip off for the 
purpose of cleaning out the ]>ines when necessary, but their removal 
will probably be attended with difficulty as soon as they become a 
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little rusty. 
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A damper is placed at the top of the first and third 
upright pipes where shown in the cuts, to direct the 
smoke through more or less of the pipe. 

Fig. 200 gives this kind of distributor in a slightly 
more compact form, but open to the same, if not greater 
objections. 

Fig. 203 gives the effect of the combination with the 
Jackson fire-place in the library of a house on Marl- 
boro* Street, built by the writer in 1879. The heat 
of the fresh air rising from this fire-place was so great 
Fig. 200. as to affect the carving on the frieze of the black-wal- 
nut mantel, and, to provide against its destruction, he was oblic^ed to 





o 



Fig. 201. 



Fig. 202. 



design the cut brass hood shown in Figs. 201 and 202, to deflect the 
current of hot air from the woodwork. The plate is extensible. 

Figs. 204-207 represent the form of distributor designed for the 
Adams Nervine Hospital. In this case the openings for cleaning 
out and for removing the distributor were made in me side instead 
of the front of the chimney-breast. 

Fig. 208 gives a perspective view of the writer's dining-room fire- 

5 lace above described, showing the heater behind the hinged panel, 
ust over the mantel-shelf is the perforated panel for the admission 
to the air-chamber of the air of the room when the outer fresh-air 
register is closed. The illuminated frieze over the side-boards, is of 
stained glass lighted by windows behind. 

Fig. 209 represents a hall chimney-piece in the house on Marlboro* 
Street, alreaay referred to, showing another manner of decoratino- 
the hinged panels, fresh-air registers, ventilating gas-brackets, and 
.chandeliers. 

When terra-cotta is used for the distributor, it may be cast in as 
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pipe, except that the 
order to bring the trai 
pipes should be bo lai^e that eftht 



tJoDs of dredn-pipe), and are 
put up with weac lime mor- 
tar in such A manner that 
they may be taken apart at 
any time, if desired, with- 
out breaking the pipe. Ce- 
ment or plaster of Paris 
would not allow of this, A 
good form tor the appara- 
tus is shown in Figs. 210 
and 211, where the pieces 
are made like cotamon drain- 
of the Y and T jointa are shorter, in 
pipes EufEciently near together. The 
-'-'- alone would suffice to carry 



ofi the smoke were the rest closed. Clean-out liolea are made by 
using a T joint at the centre of each transverse pipe, with the open- 
ing turned toward the room. When in use these pipes are closed 
with earthenware covers held in place with just enough lime mortar 
to keep them in and the air out. They may then be easily removed, 
and the flues cleaned with an ordinary chimney brush or scraper. 
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In order to prevent the loss of heat by abflorption jd the brick' 
rork, and aUo to dii'ect the fresli air upon the jiipeK, the distributor 



should be encased by tli<; iiinnufacturur in a tin box, blackened on 
the ioHidc with lamp or ivory black, and with an opening below for 





Fig. 210. Fig. II 

the admission of the cold air, and another above for the e 

the warm, otherwise the most careful supervision will liardly suffice 
to ensure correct setting by an ordinary mason. As before said, if 
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a furnace be used, it need only be a amaJl one, aay a, portable furnace 
of the smallest size, with a large cold-air box, to heat the hatl or 
temper the fresh-air supply on festal occasions, when open fires are 
inaiimtssible. A much more coDTenient lteat«r in this case would be 
steam-pipes connecting with a central boiler, under the control of a 
special company or of the public, like gas and water-pipes, because 
the amount of heat required would be comparatively small, only that 
actually used would have to be paid for, and a great first cost, and 
the cave of running a basement tumace at irregular intervals, would 
be dispensed with. 

Where one has the audacity to diverge so far from the Ijeaten 
track as to omit the panelled or plastered front of the chimney- 
breast altogether, the convectur may be enjoyed also as a radiator, 
and, in tlie attempt to treat it decoratively, a new field is opened for 
the pencil of the artist. Its surface may be legitimately ornamented 
at the junctions of the pipes by brass bands and fillets, and the 



clean-ont caps, may be treated as bosses and rosettes. By placing 
strips of sheet-iron between the upright pipes, and bending the strips 
on the front edges to liie right and left, the fresh air may be made 
to circulate completely around the pipes before it enters the room. 
These strips, when heated through, become themselves radiators, and 
greatly add to the heating power of the device. This form of radi- 
ator was tried in the room referred to in the first chapier as ineffect- 
ually warmed by an ordinary open fire-place. As there described, 
three kilograms of wood burned therein were able to raise ita tem- 
perature but a single degree Centigrade. After the introduction of 
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the radiator, the room, standing at 40° (F.) at the start, was heated 
in sixty minutes to 105° (F.)i or about a dem'ee for every minute 
during which the wood was burned. It might nave been raiaed still 
higher by burning more wood. Contrary to what might be expected, 
the direct radiation of the elevated pipes upon the heads of the 
occiupants causes no discomfort. Nevertheless, ornamental screens 
rising above the mantel-shelf may be nsed to deflect the rays from 
the heads of those standing nearest the fire and from the clock or 
delicate mantel ornaments. Figs. 212 and 213 are intended to sug- 
gest methods of decorating the open radiator. In the former the 



triangular form of the upper horizontal pipe by which the smoke ot 
the various upright pipes is collected and directed into the sinnle flue 
above is exposed as part of the design. The lower end of the flue 
above is also shown at the top of the triangle. The slip-joint for 
the removal of the radiator is formed at this point. In the latter 
design the perforated panel containing the large arch and the cen- 
tral screen must be unscrewed before the radiator can be removed. 
Fig. 214 gives a section through this fire-place in order to show the 
manner in which the rays of heat from the fire and the radiator 
above distribute themselves tliroughout the room. The head of a 
person standing near the mantel is protected by the screen from the 
hottest rays of the radiator, which can only be felt at this point by 
raising the hand above the head. Persona standing at the middle 
and further end of the room are warmed all over equally by the 
rays from the fire and radiator both, and experience no greater 
warmth at the head than at the feet. Moreover, the rays are 
reflected from the opposite walls back again so as to strike the backs 
of all three when looking toward the fire. 
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The arrows show the actual movement of the fresh air coming^ 
from the distributor chamber, giving the occupants in every part of 
the room a continual supply of pure, and only pure, air. The breath 
from the nostrils follows the general movement, so that no portion of 





Fig. 214. 

the air is ever twice in- 
haled. Fig. 215 gives a 
plan of this radiator show- 
ing the horizontal pipes 
and the intervening strip* 
of sheet-iron in section. 
The bent ends of the strips- 
^ for deflecting the currents 
* of air upon the front sur- 
faces 01 the pipes are 
' ^'^' ^'^ also shown. The clean- 

out caps in both these designs are ornamented with carving and 
gold. In 213 they follow the curve of the large arch. The screens 
in both are circular in form and rise from the centre of the back- 
board of the mantel. In 213 it echoes the large arch above, and 
the outer edge bends slightly forward, as shown in section in 214, to- 
allow more room for the heat rays to pass from the pipes. Solar 
radiation is represented symbohcally in the painting oi the frieze 
above the radiator. In Fig. 216 a screen of a different form, extend- 
ing across the entire front of the radiator, is given. Here again the 
genial rays of the sun are conventionally represented extending over 
the entire upper part of the chimney-breast, the sun himself rising 
at the centre of the arch. A still greater heating effect is obtained 
by throwing the radiator entirely out into the room as in Fig. 217. 
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But the difficulty of the artistic handling is proportionally increased 
and the rough sketch is presented merely as a suggestion for devel- 
opment under more careful study or a more skilful hand. The screen 
here surrounds the entire base of the radiator, and the upright flues 
unite at the top in a single flue which may enter a second radiator 
with or without a second fire-place directly above it in the next 
story. The plan of this radiator is given in Fig. 218, and the move- 
ment of the fresh air and of the heat-rays is clearly indicated bv 
arrows and dotted lines. In all but one of the above designs, though 
the majority of the chimney-breast is taken up by the radiator, a 
certain amount of space is still left for picture hanging. 

It remains to determine the practical value of the distributor as 
far as it is dependent upon its cost, for if the cost of manufacture, 










■A 



Fig. 218. 

instalment, and management does not compare favorably with that 
of the ordinary furnace and fire-place, the instrument for practical 
piirposes is valueless. 

The cost includes, first, that of manufacture and setting, and 
-second, that of management, and involves, of course, the considera- 
tion of the exact amount of its heating and ventilating power. 

Taking first the enclosed distributor we have as items of expense. 
The distributor itself. 
The sheet-iron strips between the pipes. 

^3.) The tin casing. 

(4.) The two dampers, lower and upper. 

'5.) The two register plates, lower and upper. 
6.> The flagging to support the chimney-breast above. 

*7.) The hot-air flues between the distributor in question and the 
rooms above. 

(8.) The panelled front of the chimney-breast. 

The cost varies with the size of the distributor, but the cost of any 
size may be easily calculated as follows : 

(1.) The cost of the distributor depends upon its material and 
the form and extent of its heating surface. The best material is sheet- 
iron of the weight of 28 oz. per square foot (8 kilograms per square 
meter), or what is called No. 20 sheet-iron, of about a millimeter in 
thickness. The upright pipes may be made of common iron, at say 
five cts. a pound, or ten cts. a kilogram. The horizontal pipes should 
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be made of the best bloom iron, at say twenty cts.^ a kilogram. The 
best form for the distributor is given in Fig. 188. Here we have six 
upright round pl^es 20 centimeters in diameter each and two meters 
long, between two horizontal square pipes 25 centimeters on each side. 
The pipes are 10 centimeters apart. This makes the horizontal pipes 
1.80 meters long. The distributor contains five conical dampers 16 
centimeters in diameter, and 20 centimeters on the side, made of the 
same thickness of common iron, and hung in place on two stout wires 
passing through the plane of the base at right angles with each other, 
and one ordinary disk damper 20 centimeters in diameter, revolving 
on an axis above the hinged panel, to be operated from the room. 

The amount of iron in the six upright pipes is, then, 7.6 square 
meters. 

That in the two horizontal pipes and their four ends is 3.85 square 
meters. 

That in the five conical dampers is 0.32 square meters. 

That in the remaining dampers is 0.03 square meters. 

The weight of the upright pipes is, then, 7.6 x 8 = 60.8 kilograms, 
and the cost would be $6.08. 

The weight of the horizontal pipes is 3.85 x 8 = 30.8 kilograms, 
and the cost = $6.16. 

The weight of the dampers is 0.35 x 8 == 2.80, and the cost == $.28. 

Making a total cost of $12.52 for the material, or allowing for lap 
and waste, say $13.00. 

K the weight of the iron were reduced to one-half the above, the 
cost of the material would be $6.50. 

The distributor described, would be, however, unusually large. 
One two thirds the size would be more usual, and the cost would be 
$S.66 or $4.33. Allowing for the labor of manufacturer (the esti- 
mate of the furnace maker by whom the apparatus was made), from 
$4.00 to $10.00, according to the size and number ordered, we have 
a total cost of from $1 7.00 to $23.00 for the largest and heaviest dis- 
tributors, and from $8.33 to $14.33 for the smaller ones. Made of 
terra-cotta the largest size costs from $25.00 to $30,00 each, when 
made singly. What the reduction would be where several were 
made cannot yet be ascertained, but terra-cotta is, as said, only to 
be recommended in exceptional cases. 

(2.) Thfe five sheet-iron strips, 20 centimeters wide and 2 meters 
long, would be worth $.80, or, with the labor of cutting the strips, say 
$1.00. 

(3.) The tin casing should have a width of 1.80 meters, a height of 
2.70 (10 centimeters clear space above and 10 centimeters below the 
distributor for the free circulation of the fresh air), and a depth of 35 
centimeters at the bottom and at the top where it surrounds the hor- 
izontal pipes, so as to give 5 centimeters free space on each side of 
these pipes for the circulation of the fresh air. Where it comes against 
the perpendicular pipes the depth of the casing should be diminished 

1 The Tariations in the iron market render it impossible to make an accurate estimate 
for all time, but accuracy at any time may be obtained by substituting for the round 
number here given the real price of iron at the time the estunate is made. 
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to 22 centimeters, so as to leave but one centimeter between the perpen- 
dicular pipes and the sides of the casing. This forces the air to pass be- 
tween the pipes and completely envelop each. Where no tin casing 
is used, these proportions should be given to the masonry, so that 
it may direct uie air in the same manner. It is of the utmost im- 
portance that the form and dimensions specified for the envelope of 
the distributor should be carefully observed, otherwise a large part 
of the heat will be lost. 

The amount of tin in the casing will therefore be about 13 square 
meters, and the cost we may put now at about $15.00, painted on the 
inside. Then for a distributor two thirds as large, llie cost of the 
casing would be about $11.00. 

(4.) The two dampers with frames and cords would cost about 
$6.00. 

(5.) The two register plates (ordinary black japanned), the lower 
one 25 centimeters square and the upper one 1.50 meter long and 30 
centimeters wide, would cost $1.20 and $6.00 respectively. 

(6.) The flagging, as before stated, need not cost more than the 
ordinary form of hearth. 

(7.) The hot-air flues connecting the hot-air chamber with the 3d 
and 4th stories will not exceed 12 meters in length, or $18.00 in cost. 

(8.) The panelled front of the chimney-breast is more than offset 
in the saving in masonry, studding, lath and plaster, and papering. 

The total cost of the largest radiator and all its appurtenances for 
heating and ventilating four rooms would therefore be $60.50. For 
the ordinary size (two thirds as large) the outside cost would be $47.00. 

The labor of setting the above when the tin casing is used is no 
greater than that of building an ordinary flue including the brick 
trimmer-arch. Xo pargeting is needed on the inside of the flue. 
Two of th(*se distributors, one at each end of the house, are suflftcient 
(with a stu\ e in the basement for heating the hall and for festal occa- 
sions) for thoroughly heating and ventilating a four-story city house, 
8 meters wide and 20 meters deep, in the manner already described. 

The cost of the two distributors, say one large and one small, being 
$107.00, add cost of small portable furnace and ten feet of pipe for 
the hall (say $80.00) (price list for McGregor Portable Furnace No. 1, 
and ten feet of pipe, registers, etc.), and the total cost is $187.00. 

To do the same work with an ordinary basement McGregor Fur- 
nace would, according to maker*s estimate, require a No. 5 Furnace. 
Cost of No. 5 Portable Furnace per price list is $225.00. If a soap- 
stone furnace were used, the size, according to maker's estimate, 
required would be No. 36, of which the cost per price list is $350.00. 
To this must be added the cost of piping and registers. Taking the 
same number and price of registers required in the case of the dis- 
tributors, we have for these and the soapstone frames at the very 
least cost $27.00, allowing a minimum of 3 meters of pipe for hall 
register ; 7 meters for front room 1st story; 7 meters for rear room 
1st story; 11 meters for front room 2d story, 11 for rear room; 15 
for front room 3d story and 15 for rear room, 19 for front room 4th 
story and 19 for rear room, we have a total of 107 meters of tin pipe. 
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Estimating the value of this pipe at the same rate we did in the case 
of the distributors, we have $160.00. Add at least $50.00 for labor 
on furnace, piping and for double piping, collars, etc., and we have 
a total of $412.00 for the iron furnace work and $537.00 for the 
soapstone furnace work, against $187.00 for distributors and small 
furnace. 

There will of course be other and incidental expenses, such as cold- 
air box, furnace smoke-pipes, gas-pipe ventilators, etc., but these will 
be the same in both cases or greatly in favor of the distributor, and 
need not therefore be considered. That the consideration of these 
would be in favor of the distributor will readily be seen when we 
recollect that both supply and exhaust-openings are included in the 
arrangements of the distributors, while, with the furnace, only supply- 
openings are estimated upon. The estimates of cost are in all cases 
taken from the price lists without consideration of discounts. Where 
the distributor is exposed as in Figures 212-217 the cost of decorat- 
ing the radiator may, for a corresponding degree of ornamental work, 
be taken as offset by the saving in omitting the hinged panel, so that 
the above figures may be taken as roughly to cover either kind. 

Such being the saving in the first cost, we have now to compare 
the cost of management in the two cases. The heating surface of 
the large distributor we found to be 11.60 square meters. Add 1.4 
square meter for fire-place back and connecting-pipe, and we have 13 
square meters. 

The McGregor furnace No. 4 has, according to measurements, 9 
square meters of heating surface. No. 5 has about the same as the 
large distributor. 

The Soapstone furnace No. 18 has about 1 2 square meters ; Sanford*s 
Challenge No. 40, about 9 square meters ; The Dunklee No. 8, about 10 
square meters ; The Peerless No. 16, about 8 square meters ; The Chilson 
No. 8, about 6 square meters, all according to the writer's measurements. 
AVith the same amount of coal burned, therefore, a single distributor 
is capable of warming an equal amount of fresh air to the same 
extent with any of the above-mentioned furnaces. But since in the 
case of the distributor the fuel used is the same as that which sup- 
plies the open fires, while with the ordinary furnace other fuel is 
burned and seven eighths of that used in the open fire-places is lost, 
the annual saving in the former case is equal to about half the total 
cost of the fuel burned in the open fire-places used in connection with 
the basement furnace. A Boston coal-dealer, taking at random from 
his books twenty houses on the Back Bay of Boston supplied by him 
with fuel, found the average annual amount of furnace, range, and 
cannel coal (for open fire-places) consumed in each was 14, 15, and 
3 J tons respectively, which at a cost of $4.00, $5.00, and $14.00 re- 
spectively made $56.00 for the cost of furnace, $75.00 for the range, and 
$49.00 for the open fire-place. The use of the distributors would there- 
fore give us in each of these twenty houses an annual saving of say 
$25.00. Where, however, one of the distributors is used with the 
range-flue, we have an additional saving of say $32.00, making a total 
annual saving of $57.00, or more than enough in two years to pay 
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for the entire first cost of both distributors and their necessary ac- 
cessories. 

"The cost of fuel annually required in the United States for 
mechanical and manufacturing purposes^ mainly for the generation of 
steam, cannot fall short of sixty millions of dollars. Estimating it at 
fifty millions, an invention or discovery which would save one fourth 
of this amount would increase the national wealth by twelve millions. 

TABLE XI. 

GLASSIFICATIOlf OF HEATIKG-APPABATUS IN REGARD TO HEATIKG EFFECT. 

(See Smitbsonian Reports, 1873, p. 308.) 



Forms of Apparatus. 




Ordinary Fire-Places 



Ventilating Fire-Places . . . . 



I Cast-iron, ) Coal 
burning ) Coke 
Porcelain, burn- 
ing wood, slight- 
ly healthful . 



Metal stoves, 
■with circular 
tion of air 
taken from' 
the outside or 
inside. 



Model in use in 
schools in Paris 

with vertical 
pipes, Chausse- 
not's model . 



Heaters with 
pipes for cir 
culation 
hot air. 



th f 
5ir-J H 
ofl V 



Horizontal 
ertical . 



Apparatus for 
circulation of ■ 
hot water. 



Wlien the pipes 
and radiators 
are very nu- 
merous, with 
large surface 
compared with 
that of the 
heater. 

When the boiler, 
furnace, and all 
the radiators or 
pipes are con- 
tained i n the 
place to be 
warmed. 



10-12 



33-36 



90 
83 



87 

68 
93 



63 

80 



65-76 



Remarks. 



85-90 



Carry off foul air, but do not di- 
rectly bring in fresh air. Effect of 
system healthful. 

Carry ofl foul air, and directly in- 
troduce moderately warmed fresh 
air. Healthful system of heating. 



Produce a very insufficient change 
of air. Unhealthful system. 



Do not produce sufficient change of 
air, and heat too much the air 
they introduce. Very injurious 
system of warming if pipes be of 
cast iron; slightly healthful if of 
sheet iron. 

Cannot directly produce a sufficient 
removal of foul air, and in, gen- 
eral, supply overheated air, out 
may easily be modified so as to 
give out air at 86<^ or 104**. Sys- 
tem injurious when not com- 
bined with means of ventilation. 



Easily adapted for the establish- 
ment of regular direct ventila- 
tion. 
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fi\e hundred thousand dollars per annum. The cost of fuel for cul- 
inary purposes, warming dwellings, etc., is of course much greater J*^^ 

According to Table Xl., taken from the Smithsonian Reports, we 
see that a metal stove with vertical pipes with circulation of air 
taken from the outside or inside, is capable of utilizing 93 per cent. 
of the heat generated by the fuel. The '* distributor " is such a stove, 
and is therefore, following the authority quoted, able to save nearly 
all the heat of the fuel. In practice, however, such a result will 
rarely be obtained, and the greatest percentage reached by the writer 
with the distributor during the summer months has been a little 
under 80 per cent. • In winter, when the air brought in contact with 
the pipes is much colder, a greater saving can be made, but no oppor- 
tunity has as yet been presented to make experiments in the winter, 
the apparatus suited for accurate test having been completed only in 
the spring of the present year. 

The distributor is connected with the masonry of the fire-place by 
simply embedding its lower connecting pipe in mortar and brickwork 
for several courses. The expansion and contraction of the metal 
must then take place upwards. To allow of this, at the top, where 
the iron pipe rejoins the brick flue, it should be fitted into a piece 
of tin pipe half a meter long, with just room enough to slip in it when 
heated. The tin pipe should be firmly bedded in the brick flue with 
cement. The iron should enter the tin flue a distance at least equal 
to its own diameter. When the tin pipe rusts away, the smooth 
cement in which it was set will have become hard enough to take its 
place, and serve the same purpose. The tin pipe should be built in 
by the mason when the chimneys are built. Copper may be sub- 
stituted for tin where it is thought that, the unprotected cement 
would be likely to be decomposed by the smoke and moisture. 

EFFECT ON THE DRAUGHT OF ABSTRACTION OF HEAT FROM 

THE FLUE. 

It may be asked, whether the utilization of the heat of the smoke- 
flue, by means of the distributor, would not injure the draught of the 
chimney in direct proportion to the amount of heat abstracted from 
the flue. 

The heat abstracted from the distributor is not lost by immediate 
dissipation in the outer air, as is the case with that taken from the 
surface of an ordinary flue of brick or iron, especially when exposed, 
but is at once returned again to the flue through the open fire-place, 
after warming the rooms of the house. The entire house becomes 
the chimney, the rooms, and outside walls forming, as it were, a kind 
of outside coating, and the heat is simply transferred from the outside 
to the inside of the flue, after passing through the rooms, or double 
coating, in its passage. Were the foul air removed from the house 
through independent flues, and from the ceilings of the various rooms 
to be ventilated, as is customary, the case would be different. We 

1 J. Jenkins's Improvements in Heating. 
12 
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have presupposed that the walls of the house are rendered as im- 
pervious as may be to heat. This can, of course, be only partially 
accomplished, by vaulting the walls, doubling the windows, back 
plastering, etc. Even then, a certain amount of heat will be lost 
through them, but the interior of the house will always be warmer 
than the exterior, and the draught in the chimney strong in propor- 
tion to the excess. 

Even without this it is clear that the abstraction of the heat alone 
could not be sufficient to destroy the draught, because, if it were, no 
fire in any ordinary chimney could ever be lighted without smoking, 
since the brick flue has at the time of lighting received absolutely no 
heat from its own fire-place, and experience shows that, with properly 
constructed flues, the difference between the ordinary temperature of 
the house and the exterior air is in winter sufficient to produce a 
chimney draught of fifty or sixty meters a minute. Indeed, with good 
chimneys a difference of one or two degrees is sufficient to produce a 
good initial draught. The friction against the smooth sides of the 
distributor slightly diminishes the rapidity of the current, but hardly 
more than that in an ordinary chimney against the rough flues of 
* brickwork. 

To illustrate the movement of the warm air currents formed in 
heating and ventilating rooms by direct and indirect radiation, the 
writer had a model of a house made of glass, wood, and metal. The 
model was about .75 m. high, and contained three rooms with fire- 
places, and independent flues, as shown in 
section. Fig. 219. The glass sides were made 
double at all openings to exclude the outer 
air. Small oil lamps served as fires. The 
smoke-flues were constructed of metal from 
top to bottom, and passed through a fresh-air 
chamber just large enough to contain all the 
flues and allow of a free circulation of air 
about them when the fires were lighted. The 
fresh air entered this chamber at the bottom 
of the stack, was heated around the flues, and 
then entered the various rooms throuo-h reo^- 
isters in the chimney-breast near the ceilino-s, 
as indicated by the arrows, lliermometers 
placed along the ceilings and floors of the 
rooms showed a remarkable equality of temperature, in different 
parts of each, with a gradual increase in ascending from the lowest 
to the highest room, and in all, as long as the fires were burned in 
any one. 

The movement of the currents could be followed with the oreatest 
accuracy by tinging the air with ammonia fumes, generated over 
nitric acid, or with the smoke of damp gunpowder ignited. When 
the flues in the top and middle rooms were cold, or stopped with 
corks, the hot-air currents in these two rooms were interrupted, no ven- 
tilation was effected, and their temperature immediately beo-an to fall. 




Fig. 219. 
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Upon uncorking openings at the top and sides of these rooms, the 
currents again started through them, but the air and heat escaped 
before it reached the lower parts of the rooms, and at these points 
the mercury remained nearly stationary, showing clearly the folly of 
the common mode of exhaust ventilating at or near the ceiling, in 
winter. In order to make certain that the currents observed in the 
model were similar to those found in actual buildings, the following 
experiment was made. Cold air, made visible by the smoke of damp 
straw, was brought against, and heated by, the distributor, and en- 
tered the room through the upper register, as usual. The warm air 
acted precisely as described in the case of the furnace-flue, form- 
ing regular strata at the top of the room, which descended as they 
cooled, and passed out of the fire-place opening upon reaching its 
level, but no part of it before. The experimenter was able, by lying 
down, to remain in the room until the smoke strata touched the floor, 
after which the observations had to be made from the outside, through 
the glass panels of the door or window. The air colored by the smoke 
was cooled before entering the distributor chamber, by being con- 
ducted under the snow in a flue ten meters long, in order that its 
movement should be determined solely by the heat of the distributor? 
Where the warm air strata came in contact with the windows, the 
downward movement at these points was somewhat more rapid, but 
the effect was produced only on a very small quantity of air immedi- 
ately in contact with the glass, as the column rolled up by it, no heat 
being given up by the air by radiation to the glass, so that the dis- 
tortion of the layers was hardly perceptible, though the windows 
were not double. It is sometimes claimed that the warm air should 
be delivered on the window, or cold side of the room, and the foul air 
withdrawn on the opposite side, on the ground that by this means a 
temperature more equal in different parts of the room can be pro- 
duced. If the supply could be near the bottom of the room, under 
the windows, and if at the same time hot air were a radiator of heat, 
this might be the case. But neither is the fact. The fresh air 
cannot be introduced at the bottom, because its entrance there would 
be objectionable in summer, spring, and fall, on account of the 
draughts it would occasion, annoying and dangerous to those nearest 
its inlet, when the outer air introduced were cooler than the air of 
the room. Two supply-registers would be necessary, one below the 
windows for winter and one above for summer. 

Hot air is not a radiator of heat, any more than it is a receiver of 
radiant heat, whereas, on the contrary, the cooling effect of window 
surfaces, as now constructed, is due rather to radiation, than to the 
admission of cold air. The mere passage of a column of warm air in 
front of these windows does not materially warm them, nor in the 
least obstruct the loss of heat by radiation from the occupants of the 
room to the cold glass. 

It is even claimed that there is a positive disadvantage even in 
winter, in placing the supply under the windows, on account of the 
interruption to the regular flow of the air which would be occasioned 
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bv the conflict between the rising^ column of warm air and the cool 
air falling; near the windows. The natural ventilating currents would 
be disturbed, and the regularity and amount of air change would be 
correspondingly reduced. But such a theory would seem to be based 
on the supposition that the air moves in currents rather than in hori- 
zontal strata, whose gradual and uniform descent is little influenced 
by the conflict referred to. The two opposing currents near the win- 
dows would rather tend in part to neutralize each other, and the cold 
air entering through window cracks, however small in amount, might 
still be annoying were it not tempered by mixture with a portion of 
the incoming warm air. So tempered, its baleful influence at the floor 
level would in a measure be prevented.^ 

Nevertheless, this advantage is not sufficient, in well built and tightly 
fitted rooms, to compensate for the extra expense and loss of carrying 
the warm air flues to the outer walls of the house. This is usually con- 
siderable, because the heat generator is as a rule in the middle of the 
building. If two supply-registers were used, one above for summer, 
and one below for winter, the first cost would be still greater, and the 
difficulty of management, and the consequent liability to neglect, 
'would be an important objection. The arrangement would lose the ad- 
vantage of automatic action. Were the room warmed by direct radia- 
tion, the case would be different. A direct heat-radiator placed under 
the windows would radiate heat on the one hand to the occupants of 
the room, and on the other to the windows, and more than compensate 
for the return radiation to the windows from the occupants. 

For the same reason fire-places, being also direct radiators, when 
built on the outer walls, especially under windows, have an advantage 
frequently lost sight of. Where it is thought necessary to provide 
for a supply of fresh air in spring or autumn, for days when the out- 
side air is too cool to allow of opening the windows, and yet not cold 
enough to require artificial heating, an exhaust register should be 
provided at the top as well as at the bottom. 

Where open fires are not used, if it were possible to maintain the 
walls of the room at a temperature higher than that of the fresh air 
from the furnace flues, a greater degree of healthfulness and comfort 

1 The coolinff action of the windows and walls Is by no means " the sole re- 
liance in all self-acting or automatic heating-apparatvis." It is not a reliance at 
all, but rather a hindrance. The ventilation with such apparatus is determlDed 
by the height of the hot-air and exhaust flues, and the warmth or levity of the 
column of air they contain, as overbalanced by the density of the corresponding- 
cold-air column of the exterior, and is onh/ slightly influenced by local currents- 
in any room. The velocity of movement of the warmer column is retarded in 
proportion as it is cooled by the walls of the various rooms through which it is 
conducted in its passage. The room of a house must be taken as merely a local 
enlargement of the warm-air flue, in passing through which enlargement air 
is cooled, and its velocity retarded in proportion to the thinness, porosity, and 
conductibility of the walls. To show the truth of this, we will suppose the walls 
of our room to be artificially cooled below the temperature of the outer air to 
such a degree that the warm air from the flue coming in contact with them is 
cooled until the levity of the warm-air column is no greater than that of the 
exterior. Stagnation would clearly be the result. Artificially heat, however, the 
outer walls, and notwithstanding the friction induced by irregular and conflicting 
local currents, the velocity of the entire column would be increased in proportion 
to the amount of heat imparted by the heated walls. 
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might be attained, and the problem of tlie positions of supply and 
exhaust registers would be greatly simplified. Both registers would 
be near the eeiling as well in winter as in summer, and all move- 
ment of foul air, from occupants and gas-burners alike would be 
simultaneously upwards. The fresh air entering would fall first to 
the ground, and the movement of the strata would tbence be up- 
ward instead of downward. Direet radiation would be enjoyed 
from the surrounding walls. Although less heat would he required 
to warm the fresh-air supply, it does not. necessarily follow that, on 
this account the action of tLe heater need be the less automatic, for 
by usin^ smaller hot-air flues and mixing cold air with the hot near 
the registers of delivery, the same heat and velocity in tliem could 
be maintained if desired, while the exhaust-flues would be warmer. 
The consequent general velocity of the ventilating current would 
then be greater in proportion to the amount of heat supplied by an 
exterior source to maintain the outer walls at 
the required temperature. For oiTice build- 
ings, apartment-houses, etc., or any buildings 
of many stories in height where open fire- 
places may be used and rooms over each other 
are constantly occupied, the principle of the 
use of simple metal flues side by side, as il- 
lustrated by the model, may be employed most 
advantageously. Fig. 220 gives a section of 
such a chimney for a library building de- 
signed by the writer. The plans show jani- 
tor's quarters in the basement, two mezzanine 
stories thereover by the side of a lecture hall, 
two more corresponding to the library above, 
and an attic over all. All these small apart- 
ments have open fire-places except that in 
the basement, in which is the range. 

The flues ot the range, first, second, third, 
and fourth story fire-places are shown con- ' 

Btructed of sheet-iron, standing free in the 
fresh-air chamber formed by the walls of 
the chimney as in the model. This air-cham- 
ber is in each story entirely independent of 
the others, b^ng separated by horizontal plat- 
forms ot brick or flagging through which the 
iron flues pass. These platforms bind the 
front and rear walls of the chimney together, 
and prevent the warm air from rising immedi- 
ately to the top of the chimney. They also 
serve to prevent the passage of sound from one 
story to another. Each fresh-air chamber is -r—* °-' — , 

supplied with fresh air by an independent flue, p;,, j2a. 

which draws its air from an air-box ot brick in 
the basement. These supply-flues are shown at Ihe left-hand side 
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of the stack. They do not increase the width of the stack because 
they diminish in number in each story as the smoke-flues increase, 
and, therefore, occupy only waste space, and are actually necessary 
to serve as withes to strengthen the lower half of the chimney. In 
short, they take the place of the lower ends of the ordinary brick 
smoke-flues. 

In summer the valve shown at the top of the fourth story is 
opened, and the fresh-air box at the bottom is closed. The range 
heat then passes off without heating the walls, and produces a venti- 
lating current through the entire stack. The exhaust then takes 
place at the top of the rooms through the register used in winter for 

O supply, and the fresh air is furnished through the open 
fire-places, or window openings to take its place, every 
current being thus reversed throughout the entire series of 
rooms, by the turning of a single register in the attic once 
Oin the spring. 
Where the iron smoke-flues pass through the platforms 
Fr 221 ^^ masonry shown in the figure, at the level of each floor, 
short pieces of tin pipe, slightly larger than the flues, are 
encased in the masonry to make the joint, as shown inFio:. 221. 

In this manner but little air escapes. What passes up from one 
air-chamber to another, is utilized in the latter, and the loss is con- 
fined to that which escapes through the upper junctions. This may 
be made inappreciable. There is no object in connecting the super- 
imposed air-chambers one with another with valves to allow the 
whole, or part of the air warmed against the lower halves of the 
flues, to pass up to the chambers above, when not required below, 
because the heat which would have been abstracted by the fresh air 
below is carried up in the smoke, and given out to the fresh air above 
instead, and the first cost and complication in management of the 
several dampers is avoided. Moreover, less heat is lost by absorp- 
tion in the masonry. 

By this arrangement .no communication of sound from story to 
story is possible, as is often the case with furnace flues ; the sound 
passing from one room down the flue to the furnace, and up again 
through other flues to other rooms, so that to those 
standing near the registers sounds from all over the 
house are repeated. 

Nevertheless, if for any purpose it is found desirable 
to connect the air-chambers together, a valve like that 
shown in Fig. 222 mav be used to best advantage. The 
three flues at the right, are fresh-air supply-flues, and 
on the left are the fresh-air chambers containing the iron 
smoke-flues, or distributors, not shown in the drawing. 
Supposing the lower register to be for the hot-air sup- 
ply of the dining-room, and the one above for the parlor, 
upon leaving the dining-room for the parlor, the hole in 
the platform forming the passage between the lower ^'*^' ^^^' 
and upper air-chamber may be opened, more or less, by sliding the 
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Fig. 223. 



valve to the right. The warm air then passes up into the upper 
air-chamber and thence into the parlor, or into rooms above if de- 
sired. This damper is also used to temper the incoming fresh air. 
With an ordinary register, if the incoming air be too warm or too 
cold, the only way is to close it, in whole or in part. But by 
this method the ventilation is at the same time in whole or in part 
cut off. The valve under consideration, however, enables the tem- 
perature to be regulated without affecting the ventilation. Should 
the air from the fresh-air chamber be too warm, the valve is moved 
part way to the right. Part of the hot air then rises into the cham- 
ber above, while exactly the same amount of cool air enters from the 
cold-air flue, and mixes with the remainder of the hot air, as it 
enters the room through one and the same register face. The regis- 
ter face is shown in Fig. 223. The handle of the sliding damper is 
shown in the upper part. That of the register proper 
below. If cold air only is wanted the damper is moved 
entirely to the right, and all the hot air passes up above. 
When the room is left empty as in the case of a dining- 
room after the feast, and neither heat nor ventilation 
is wanted, the valve is pushed entirely to the right, and 
the register proper is closed. When but little ventilation is wanted, 
the register is closed partially, more or less according to the amount. 
The various iron flues above described may be constructed of short 
pieces, the upper pieces always fitting inside the next below. Ce- 
ment is hardly necessary, as the joints will soon cement themselves 
with iron oxide and soot. Any section may be removed, and replaced 
through the hinged panels by hammering and cutting the joints 
with shears. 

The top of the chimney should be protected from the rain by flag- 
ging, or by ventilating caps where it is desirable that the wind should 
be made to improve the draught. These ventilators should not be 
made of metal which is rapidly destroyed by dampness, but rather 
of terrarcotta. The most effective, and simplest form is the ordi- 
nary Emerson chimney-cap, or the Van Noorden, Fig. 224, 
which is similar to the Emerson, except that the under side 
of the cover is formed of an inverted cone, instead of a 
plane. When the wind strikes the top of these caps an 
upward current, strong in proportion to the strength and 
direction of the wind, is induced in the flues with unerring 
certainty. No chimney-cap yet invented is able to do 
more than these, or to prevent the chimney from smok- 
ing under certain conditions, as when the top is sur- 
rounded by air condensed by pressure, while the air below 
is in its normal condition. This happens when a chimney 
stands near an object higher than itself. A strong gust of 
Frg. -224. ^ijjjj jjjg^y -without touching the chimney itself striEe this 
object, and by its pressure, so condense the air below as to drive it 
down the mouth of the chimney and in every other direction where 
no resistance is offered. The simple Emerson or Van Noorden ven- 
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If sufBcient cold air be supplied directly from the window through 
intentional openings and unintentional cracks the evil will be cured 
at once, but at the peril of the occupants whose legs will be bathed 
in a frigid zone. 

The ventilating fire-place provides against this by warming the 
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air-supplies, as shown in the left-hand side of the lowerroom, through 
an opening behind its baok. The fresh warm air is here, as usual, 
represented as entering the room at the ceiling. The movement of 
the air in strata of various degrees of warmth is represented by 
various degrees of shading. 

RANGE FLUE. 

The following iimple arrangement for the improvement of the 
rangeJue in dweUing-houses has frequently been tried by the writer 
with success ; the particular 
form illustrated by the figure 
226 having been adopted in a 
'wooden cottage built hy him 
at Nahant during the pi'esent 
year. The flue proper is con- 
structed of tile, and around it 
IB built an ordinary bricic flue, 
leaving an air-space between, i 
in such a manner that it may J 
act in summer as a hot and | 
foul air exhaust, both ventilal-f 
ing the room and carrying off ' 
the heat of the range-flue, and 
in winter as a warm-air sup- 
ply. In the ceiling of the 
upper bed-chamber a bent 
pipe containing a damper is 
constructed as shown, the 

damper register-faces t>etng Fig, 226. 

in the ceiling close up to the 

chimney-breast. The Hue in this case stands between two bed- 
rooms. The right-hand valve is shown closed and illustrates the 
manner in which the flue acts as a freah-air supply. The left-liand 
valve is shown open and the flue acting as an exhaust, removing the 
troublesome heat of the range from the walls. 

FURNACE FLUE. 

In Fig. 129 a model of a furnace is sketched construct«d afl«r the 
principle of the distributors shown in Fig. 187. The furnace-flue 
shown in this latter figure was connected with the lower pipe of the 
lower distributor, and valves were so arranged that the smoke of the 
furnace could be turned into the distributor or allowed to ascend 
direct in the furnace-flue proper aa desired. When the smohe was 
caused to pass through the distributors, the furnace became at once 
an example of the one represented in Fi". 129, and described in con- 
nection therewith. The neat of the smoke was saved without injurv 
to the draught. By using a furnace regulator in connection witn 
this arrangement the combustion is automatically controlled, and the 
maximum of safety and economy obtained without the necessity of 
constant supervision. 
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DECORATIVE TREATMENT OF THE VENTILATING REGISTERS. 

Like the open fire-place regarded from an economical standpoint, the 
ventilating register, index of the popular feeling in sanitary matters, 
remains, from an artistic point of view, in a worse than primitive 
state of rudeness. Its design is left to the care of the furnace- 
maker and foundry-man. The artist appears to consider it generally 
unworthy of his notice in the decorative treatment of the room. It 
is put in anywhere, in an obscure corner if possible, and painted 
black, so as to attract no unnecessary attention. The utmost notice 
that is taken of it in the usual building specification is a wholesale 
summary of sizes for the several rooms. Had Nature, in the design 
of the human frame given so little attention to the inlets for the sup- 
ply of fresh air, throwing them in anvwhere at random, and cover- 
ing every opening with a casting taten from the same mould, of 
indifferent design and color, we should have lost the feature most 
prominent in giving the wonderful power of ever-varying expression, 
the distino^uishino: characteristic of human beautv. If an amount of 
care were given to each object corresponding to its importance, the 
ventilatino: register would no longer stand at the foot of the list. 
No time spent in elaborating its design would be considered wasted, 
and solid gold would scarcely appear too costly for its material. 

After so much of a peroration, allusion to the following ex- 
amples should only be made, protected by the knowledge that even 
failure in an attempt made in the right direction is better than 
no attempt at all. Figs. 203, 208, and 209, give three methods 
of treating the registers in cut brass. Fig. 227 shows the effect of 
three square registers of brass, fire-gilt, over a fire-place in the 
parlor of the Hotel Cluny , Boston, and Fig. 228 of three larger regis- 
ters over the side-board of the house on Marlboro* street referred to 
in connection with Figs. 203 and 209. The fresh-air is in this case 
warmed by an iron range-flue behind the breast of the fire-place, of 
corresponding design, opposite this side-board. It is conducted 
across the ceiling in tin flues shown in section in the beams over the 
registers to the right and left. By this means the china-closet 
behind the side-board may also be warmed by the same flues. 

IMPROVED SMOKE-CONSUMING FIRE-PLACE. 

Having found that it is no longer necessary to throw away nine- 
tenths of the heat generated by the consumption of our fuel, we may 
now reasonably interest ourselves in the one tenth unconsumed; 
namely, that which escapes in the form of smoke. In reviewing the 
various forms of smoke-consuming fire-places hitherto invented, the 
best for modern purposes, all things considered, seems to be that of 
Touet-Chambor (Figs. 42 and 43). But, in this, the two upper open- 
ings to the flue are not well placed either for appearance or for use. 
It would be better to adopt here the ordinary long and narrow chim- 
ney-throat at the top of tne fire. In other respects the form of the 
fire-place might remain as it is, except, that of course the fresh-air 
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pipes behind, forming no necessary part of the device, maybe omitted, 
or placed above the mantel in the form of a distributor. When the 
fire is first lighted the upper outlet may be opened if necessary by 
means of a simple damper, arranged to operate easily from the front 
of the mantel after the principle of that shown in Fig. 83. But if 
the draught is good this may always remain closed, and the smoke 
will then pass out behind and below the coals and be consumed in its 
passage. Such a form of smoke-consuming fire-place has the great 
advantage of being simple, and practically automatic. The lower 
outlet is always open ready for use, and with a good fraught the 
upper one need never be opened, or it may be left partially open, 
enough for the first moments when the heat of the fire and flue is 
feeble, but not enough to carry oif the products of full combustion, 
which will then find their outlet chiefly through the lower opening. 

LARGE FIRE-PLACES. 

When some admirer of the manners and customs of the olden time 
yearns for the colossal proportions of the mediaeval fire-place to pro- 
duce in his modern cottage the e£fect of the baronial hall, he does it 
with heroic indifference to personal comfort, believing that the use 
of such a fire-place necessarily implies blackening his timbered ceil- 
ings and tapestried walls with smoke, at the least provocation. 

But this annoyance is quite unnecessary. With proper cons'truc- 
tion one may be assured of a good draught at all times, even when 
but small quantities of fuel are burned in the fire-place. The peculiar 
construction necessary to secure this result is as follows : We will 
suppose the fire-place to be two meters square. In the first place the 
chimney-flue should be of the proper size in proportion to the open- 
ing, to allow of a free passage of the products of combustion and the 
accompanying air. The top of the chimney should, be surmounted 
bv a Van Noorden ventilator. A portion of the back of the fire- 
place should be recessed slightly, so as to form a smaller shallow fire- 
place within the large one. A recess similar in form to this is some- 
times formed in the backs of mediaeval fire-places to receive an or- 
namental slab carved with heraldic or other devices. The small 
fire-place then has its own independent chimney-throat and flue con- 
necting with the main flue above the level of the top of the larger 
fire-place. A damper operated like that shown in Figs. 69, 71, 80, or 
83, is built in the throat of the larger fire-place, so that it may be 
closed when but a small fire is wanted, and the lower chimney-throat 
(also provided with a damper) only is in use. An improved form of 
smoke-consuming fire-place is the result. The appearance of the 
large fire-place so arranged is shown in Fig 229, designed for the 
library building before referred to. This recess in the back of the 
large fire-place may be made an ornamental feature, but when a fire 
is burning in the large one proportionate to its size, the recess will be 
covered by the fire and fuel. An arched alcove at the end of the 
reading-room encloses both fire-places, and forms a retired and shel- 
tered niche, lighted by windows at the right and left, for the con- 
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Tenience of readers. The small fire-place is .80 meters, the lai^e 1.80 
meters, and the alcove 3 meters hj^li to the springing of the arch. 
The depth of the alcove is two meters. The large fire-place is one 
meter, and the small .33 meters deep, decorated with a carred slab 
of lerra-eotta at the back. The entire floor of the alcove is tiled, 
forming a large hearth for both flre-places. The alcove is entirely 
constructed of stone, inehiding the sculptured arch. The fire-places 
ta, tile, and mosaic work. 



The frontispiece (reprinted on the cover) gives another illustra- 
tion of this arrangement, with a fire burning in the large lire-place. 
Ventilating Registers are shown above, extending across the entire 
front of the chimney-breast. Thus by using a distributor with a 
large old-fashioned fire-place constructetl in (his manner, both dan- 
gerous draughts and liability to smoke are avoided, while all the ad- 
vantages enjoyed by our forefathers are retained. 



It is customary for the public to imagine that the certain cure of 
the smoking of chimneys surpasses the capability of the average in- 
tellect, that the causes are legion, shrouded in impenetrable mystery. 
The reason for this belief is that in nine cases out of ten uo systematic 
method is followed to discover the cause, and the cure is often difficult 
to applv. The simplest and most natural method is to tabulate a list 
of all the possible causes of smoke arranged in the order of easiest 
detection, and with this in hand to examine the chimney thoroughly 
for each defect in succession. In some cases the fault is in open 
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sight, and the cure is simple and close at hand. In others important 
demolitions will be necessary to discover it, and still more expensive 
reparations to effect its cure. Therefore, in making our list the de- 
fects easiest to see should come first in order, so that no unnecessary 
expense may be incurred. 

(1.) The subject of inquiry which should first occupy us, as being 
the one most easily answered, concerns the supply of air necessary to 
furnish the draught. The opening or openings for the supply of air 
to the room should be as large in area as those for the exhaust, in- 
cluding both fire-place, smoke-flue, and all special exhaust ven- 
tilating-flues. If this precaution be not taken the result will be as 
shown in Fig. 225. One chimney is said to " overpower " another 
when both are built in the same room or in rooms adjoining and in- 
sufficient fresh-air supply is provided. When the doors separating 
these rooms from the hall or other rooms are closed, the hotter flue 
will overpower the cooler and draw from it its supply of air, bringing 
the smoke with it. The action of the overpowering chimney is ex- 
actly the same with that of the tower in Fig. 225. Even the range- 
flue or the flue of some fire-place in the house quite remote have been 
known to overpower all the other flues in the nouse from this cause. 

In order to make certain whether or not the want of a suflficient 
supply of fresh air is the true and only cause of the smoking, it is 
only necessary to open a door or window in such a manner as to 
admit the required amount of the air without allowing it to blow on 
the fire in gusts. 

To cure this defect, furnish a supply of air as large as the exhaust. 
This maybe done (a) by bringing outer air into the room through some 
kind of ventilator over the windows, or in the cornice, which mav be 
perforated all round and so arranged as to admit the air in a thin film 
along all the four sides ; (V) by carrying a hot-air flue from the 
furnace to the room, or (c) by building a ventilating fire-place in 
place of the old one. 

(2.) The position of a door in a room, when standing at certain 
angles may, by allowing draughts to strike across the fire, be such 
as to drive the smoke into the room. 

The cure is to hinge the door on the opposite side of its frame, or 
to provide proper fire screens. 

(3.) The size of the smoke-flue is too small, or too large for that 
of the fire-place. A flue too small will not allow of free passage of 
the products of combustion. One too large allows its movement to 
be too sluggish, and less able to resist any unfavorable influence, and 
gives opportunity for troublesome eddies. The flue should be some- 
what larger than the throat to allow for clogging by soot, friction 
against its walls, the disadvantageous form of its section (the circular, 
or best section being seldom practicable), and for the bends more or 
less abrupt in its course. Roughly speaking, a brick flue of the 
usual form should have a sectional area equal to -^ of the size of 
the fire-place opening. For a round iron flue -^ would be suflficient. 
More accurate formulae could be, and have been given, but such for- 
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mulse are usually too complicated, and too difficult of application to 
be of any service to the general public. According to our rule a 
small fire-place .80 meters wide and .75 meters high (32 by 30 inches) 
would retjuire a brick flue of 600 square centimeters in sectional 
area, which is equivalent to an ordinary 8 by 12 inch flue. A large 
fire-place of one m^ter square should have a brick flue of 1,000 square 
centimeters area, equivalent to a little over 144 sauare inches, or an 
ordinary 12 by 12 inch flue. A very large fire-place of two meters 
wide by one meter high would have a flue, say 40 by 50 centimeters, 
or 12 by 24 inches, and an old-fashioned fire-place of extraordinary 
size, say two meters high and two meters wide, or large enough to 
contain a dozen tall men standing, or " to roast an ox whole," should 
have a flue of 400 square centimeters, or one foot by three feet. 
Such a fire-place and nue built for use at the present day would have 
to be constructed in the manner shown in Fig. 224, to ensure a good 
drausrht under all circumstances. To ascertain the size of the flue, 
measure it at the top or just above the throat. 

Generally the only cure for a flue too small is to diminish the size 
of the fire-place to correspond. To enlarge the flue is usually too 
serious an undertaking to be attempted. 

For a flue too large, a defect seldom met with, and one little likely 
to cause inconvenience if the throat be of the proper size, the simplest 
treatment is to increase the height of the chimney, and top out with 
a Van Noorden ventilator ; but the best method is to make a virtue 
of necessity, and, by introducing within the large flue a smaller one 
of tile or sheet-iron, to construct a ventilating flue on the Douglas 
Galton principle, as already described, and utilize the heat of the 
smoke in heating and ventilating the house. Either a tile or an iron 
flue may be easily lowered into the large flue, cementing the pieces 
one to Uie other as they are lowered, and connecting the lowest joint 
with the fire-place with masonry. To make the lower connection an 
opening may have to be made in the chimney-breast above the mantel. 
The ventilating openings and details of the construction have already 
been described. 

(4.) The chimney-throat is too large, allowing an unnecessary 
amount of cold air from the room to enter the flue along with the 
products of combustion. By this the column of air becomes cooled, 
and its movement consequently sluggish. Measure first the size of 
the throat and see how far it varies from the rule we have estab- 
lished, then test the effect of diminishing the throat temporarily with 
dry bricks or other non-combustible materials. 

The cure is to brick up the chimney-throat so as to give it a sec- 
tional area ec^ual to one-twelfth of the area of the fire-place opening, 
and the shape shown in, and described in connection with. Fig. 52. 

(5.) The throat is too small to admit freely the products of com- 
bustion. 

The cure may then be effected by diminishing the size either of the 
fire-place itself, by relining its back and sides, or of its opening by 
means of sliding blowers, or new facing. If there are objections to 



The Open Fire-Place. 193 

diminishing the fire-place, increase the size of the throat. First 
measure the throat and fire-place to ascertain as before the amount 
of diminution of fire-place, or of enlargement of throat necessary, 
then test the effect of diminishing the size of the fire-place opening 
with card-board, or of removing bricks, one by one from the throat. 

(6.) The air in an unused chimney may, when the temperature of the 
outer air becomes, for a time-, warmer than that in the house, sink in 
the chimney until the equilibrium is restored. In so doing the smoke 
from an adjacent flue may be drawn down with the reversed air- 
current. The only remedy is to close the fire-place with a damper as 
long as it remains unused, unless it is found that the flue mav be 
raised in height without injury to the draught of the adjacent dues. 

(7.) The length of the smote-flue may be less or more than is suflli- 
cient or desirable. If the flue be too short the difference of weight 
of the column of smoke and the exterior air column will be insuflicient 
to produce a movement of the requisite velocity or strength. 

If the flue be too long compared with the size of the fire, the loss 
of heat and the friction against its sides may reduce the velocity to 
too great an extent, though this is a cause rarely met with. 

The cure for the former is to lengthen the chimney, and for both to 
diminish the size of the fire-place and its throat so as to cause less 
cool air to enter the flue. 

(8.) The flue of one fire-place entering that of another sometimes 
leads to the cooling of the hot current by the air from the fire-place 
not in use, to such an extent as to destroy the power of the draught. 

The fact of whether or not the flue of one fire-place enters that of 
another may be ascertained at the chimney-top by means of smoke 
made successively in each fire-place, and the effect of one flue enter- 
ing another may be learned by closing each fire-place successively 
wmle the other is in use. 

The cure is to build another flue ; or if this be impracticable, to 
close one fire-place by means of a damper in the throat while the 
other is in use. 

(9.) A sudden bend in the flue especially near the fire-place throat 
may cause the smoke to rebound into the room. The presence and 
position of such a bend may be ascertained by means of a weight 
tied to a string and dropped down the flue. 

The cure is either to diminish the fire-place or straighten the flue 
by rebuilding. 

(10.) Bricks, mortar, vermin, or other obstructions may have become 
deposited in the flue. Rats and birds sometimes build obstructions 
in flues lon^ unused. 

Ascertain the position of the obstructions with weight and cord. 
If a bend in the flue prevents examination in this way, the flue must 
be opened below the bend and the weight dropped from this opening. 

The obstruction, when discovered, if it cannot be raised with a 
hook from above, may be removed either by firing the chimney, or by 
opening it at the point where the obstruction occurs. 

(11.) A wind passing horizontally over the top of a chimney mav 

13 
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have the effect of closing the flues like a plank placed upon them. 
A Van Noorden ventilator on each flue will form an effectual cure. 

(12.) The chimney-top is commanded by higher buildings or hills. 
The air condensed by a gust of wind falling against these higher 
objects descends the chimney in expanding or rebounding. 

The only cure is to raise the flue beyond the influence of the com- 
manding surfaces. 

No bonnets, cowls, or patent ventilators can prevent this except in 
so far as they increase the height of the flue ; because no such device 
can prevent the expansion of compressed air in every direction in 
which a free opening is left for its passage. 

It is no small source of comfort to the architect to feel that every 
evil to which chimneys are heirs can be cured without recourse to the 
patent cowls and ventilators by which the summits of so many of 
our noblest buildings are disfigured ; " some looking like Dutch ovens 
come up to see the world, some like half-sections of sugar loaves, 
some like capital H's, and sundry other pleasing objects." Some 
looking like a pile of inverted milk cans laid out on the roof for an 
airing, some rsuiiating in every direction long arms, and flourishing 
them about like demons clutching for prey, or armed with wings gyrat- 
ing with terrible energy and clamor in squally weather, and when 
the pivot becomes a little rusty. These " seem perpetually whizzing 
round for the mere fun of the thing, since any good they do is 
extremely apt to escape detection." 

The Archimedian Screw ventilator is designed to tvind up, as it 
were, the air and smoke from below ; but it also acts as an impedi- 
ment in calm weather, and, when rusty, in all weathers. A peculiarly 
hideous monster frowns upon the writer through his office window 
from the roof of a neighboring shed. It resembles a huge cuttle- 
fish with an awkward writhing body, and a hundred eyes covering 
the whole surface of the main trunk and head in the form of large 
lenses, designed to concentrate the heat of the sun and throw it into 
the flue. The idea is ingenious, but the effect produced, though 
striking enough to dismay the beholder without, is inappreciable to 
the owner within. Though but lately built, and though braced and 
clamped with plenty of iron stays, it has already a battered and 
miserable appearance, and seems destined rather to provoke than to 
appease the wrath of the elements. 

"In casting one's eye down the long streets of a smoky city, in 
taking a survey of the roofs and their tormented chimneys, the in- 
finity of other contrivances is so great that it is scarcely a poetical 
hyperbole to say our pen starts back from it. Here is patent upon 
patent, scheme after scheme, each doing its best, no doubt, to obtain 
the mastery over that simple thing — smoke ; and each with a degree of 
success of a very hopeless amount. There appears to me something 
intensely ludicrous in these struggles against what seems to be an 
absurd, but invincible foe ; the very element of whose success against 
us lies in our not strangling him in his birth. Many obstacles are in 
the way, no doubt ; there are obstacles in the way of every good ; 
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but I have little doubt, that had the perrertecl ingenuity which has 
misspent itself upon the chimney-pots been directed to the fire-place, 
we might have now had a different tale to tell. The smoke nuisance 
is laughed at as a minor evil, by a great practical people like our- 
selves, who heroically make up our minds to put up with it ; but when 
it is considereil as an item in the comfort, cleanliness, and health of a 
whole nation, it assumes, or should assume, a different position.^ 

The simple Emerson Ventilator, or the late Van Noorden improve- 
ment on the same, when built of durable malerials, serves to adorn 
rather than to disfigure the building. When several flues side by 
aide are topped with these ventilators, care should be taken to have 
their mouths or smoke- outlets on Ike same level, to avoid injury by 
one to the draught o£ anotlier. To relieve the monotony anil pro- 
duce a picturesque effect, the form of the caps may then be varied to 
any extent desirable. 

Fig. 230 represents the narrow or entrance front of tbe Library 
Building already described in connection with Figc. 220 and 229. 
The effect of a row of eight of these terra-cotta chimney tops with 
turned shafts is seen in the central chimney. The tower chimney is 
treated as a prominent feature and richly decorated with sculpture. 
Fig. 231 (one of several designs for the extension of an old country 
house shown in the upper corner) gives the effect of a chimney 
surmounted with t«rra-cotta tops of the same height, showing the 
manner in which the monotony may be relieved, and the central top 
made to appear higher and more prominent than the rest, by simply 
varying the form and lieight of the caps. 
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RECAPITULATION. 

We saw in our first chapter how great a waste of fuel is incurred 
in attempting to heat by means of the open fire-place as it is now 
constructed. Absurd as it may sound, it is easily demonstrated by 
reasoning from the experiments there described, that to heat the 
rooms of a public building, like, say, our State House, to the temper- 
ature given by the present apparatus, a thousand tons of coal a day 
burned in open fire-places, without help of other heaters, would not 
suffice, because the draught has to be supplied entirely by the air at 
zero from without. K one single immense fire-place could be used to 
do the work, it would have to be as large as the United States Senate 
Chamber, a raging fire kept burning in it at a white heat, while the 
draught induced, if brought through a single opening a couple of 
meters square, would sweep everything before it with the fury of a 
hurricane. A fire-place built on such a grand scale would almost 
pay for its construction in presenting us with a picture of our ex- 
travagance vivid enough to lead us to attempt a saving ; while small 
fire-places scattered in different buildings, but burning the same 
amount of fuel at an equal disadvantage, leave us still indifferent. 

Returning again, with the improvements in mind which we have 
herebefore described, to our " ideal fire-place," to see how far such 
a saving is possible, and to what extent the ideal may be realized, we 
find a 

REAL FIRE-PLACE, 

giving us the following : — 

(1.) All the heat generated by the combustion of the fuel may be 
utilized in heating and ventilating the house by the use of the dis- 
tributors, and the combustion of the fuel may be made complete by 
using the modified form of the fire-place of Touet-Chambor in com- 
bination with the distributors. 

(2.) The supply of fresh air introduced into the house, to take the 
place of the foul air removed, is as pure as the source without from 
which it is drawn. It is warmed in winter to a temperature some- 
what below that of the room ; may be moistened enough (with or- 
dinary furnace evaporating-pans attached to the distributor, if neces- 
sary) to give it its proper hygrometric condition ; abundant enough 
to supply amply the fire, occupants, and gas-burners ; so distributed 
and located at its entrance as to cause no perceptible draught at any 
point ; the gentle air-current so directed that it reaches every part 
of the room ; so steady that no part of it passes twice over the same 
spot, or can be twice breathed by the occupants ; and so regulated by 
simple valves, like that shown in Figs. 222 and 223, as to be under 
perfect control. 

(3.) The flues include a special gas-ventilator (the left-hand flue in 
Fig. 220) so arranged that the heat generated by the combustion of 
the gas is as far as possible retained in the room, and utilized by 
radiation from the ventilating-pipes attached to the chandeliers (Figs. 
149 to 157), while the injurious products of combustion are removed 
at their source. 
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(4.) A complete ventilation of the room is effected, both in summer 
and in winter, without opening doors and windows, by the use of 
a simple valve. 

(5.) The chimney being supplied with fresh air, and properly 
capped when necessary with a Van Noorden ventilator (Fig. 224), and 
properly constructed as to height and form as described, never smokes. 

(6.) Finally, the construction of the fire-place and flues is simple ; 
they are sufficiently durable, easily repaired in any part likely to 
require it, inexpensive, safe, and unobjectionable in appearance. 



PLATES. 

XXVIII.-XXXY. 



PLATE XXVIIL 

Fire-place in the dining-room of the second story of the Hote 
Cluny, Boston, built in 1877-78, and shown in elevation in the 
American Architect for August 8, 1878. This room is finished in 
cherry. The work is elaborately carved, but this is lost in the 
reproduction on account of the smallness of the scale. 
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PLATE XXIX. 

Plates XXIX. and XXX. are two unexecuted designs. They are 
for a country house in stone, shown in perspective in the American 
Architect for June 10, 1876. 

Plate XXIX. is for a fire-place of stone and brick combined. The 
ceiling and sideboards are from Talbert. 



PLATE XXIX. 



PLATE XXX. 

Rustic fire-place in stone between two window niches. 



I'LATE XXX. 



PLATE XXXI. 

Designs for two simple and inexpensive fire-places in wood. The 
upper figure represents the hall mantel of a house in Salem, re- 
constructed in 1876. The finish of this hall is in chestnut, which 
was the wood originally used. The panels are ornamented with 
carving of natural foliage (chestnut-leaves) and birds. The facing 
is of buff tiles moulded to correspond with the fioral decoration. 
The opening is 1.™ 80 square. 

The lower figure gives the mantel in the hall of a house in An- 
dover, built in 1877. It is constructed of face-brick and ash wood. 
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PLATE XXXII. 

Library mantel in house on Commonwealth Avenue. The large 
lamp brackets have ventilating caps, the educt flues being shown in 
the section and in plan. The material of this fire-place and of the 
rest of the standing-finish in the room is cherry. 
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PLATE XXXIII. 

Simple design for mantel and coat closets opposite main staircase 
in the hall of a sea-side cottage built in 1880. The material is ash. 
Fire-place in face brick, with tile facings and hearth. 
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PLATE XXXIV. 

Fire-place in the parlor of a house on Commonwealth Avenue. 
American Architect for April 29, 1880. 



PLATE XXXV. 

Fire-place in the dining-room of the same house. The room is 
finished in oak throughout. 



APPENDIX. 

HEATING AND VENTILATION OF PRIVATE HOUSES. 



Figs. 177 to 180 give the first three stories and basement of a 
four-storied dwelling-house, of which the front elevation is shown in 
Fiof. 183 as previously stated. 

In planning the heating and ventilating of a house three rules 
should be observed as of vital importance : — 

(1.) Every room requiring ventilation should have special and 
independent provision for both supply and exhaust. 

(2.) Every exhaust-fiue should be provided with a certain and 
constant supply of heat to act as motive power for such time as^it is 
intended that it should be operative. 

(3.) This motive heat should be the waste heat used for warming 
the rooms, cooking, drying, lighting, or performing the regular work 
of the household independent of the ventilating. 

Starting with the Sub Basement or air space under the floors the 
supply is obtained from the basement hall through perforations in 
the floors. The exhaust is accomplished by means of a pipe ten cen- 
timeters in diameter passing through the basement W. C. and con- 
necting with the exhaust of this closet. 

In the Basement (Fig. 179), to begin with the kitchen, the supply 
of fresh air should be brought in at the hottest point, {. e., near the 
range. An opening ^in the outer wall, over the range, connects 
with the sheet- iron range hood, which is made double to receive it. 
The lower piece of iron is painted black to absorb the heat rising 
from the range. The cold air flows over this, takes up the heat, and 
enters the kitchen in a thin film or shower from the entire circumfer- 
ence of the hood. The air supply is regulated by the expansion and 
contraction of a metallic rod passing through the range, fire, and 
ovens, constructed on the principle of an ordinary furnace regulator 
rod, so that as the fire goes out at night the cold air supply is cut 
off^, and the danger of freezing avoided. The register is opened and 
shut by means of a simple lever rod, pivoted so that a very minute 
expansion of the metal suffices. If made at the same time with the 
range, the cost would be trifling. But after the range is set the de- 
vice cannot be applied without an outlay greater than is justified by 
the end ; in which case the kitchen supply will have to oe obtained 
in the usual way through door and window-cracks. The lower 
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sheet of the range hood should be lipped up around the edge in the 
manner shown in the lower rim of the section of the ventilating bell 
over the chandelier globes shown in Fig. 151. The entrance of the 
air may then be partially or entirely cut off in very cold weather 
when the range is in use, by rubber strips or window sand-bags laid 
over the opening. The kitchen exhaust-pipe starts at the hood, and 
rises alongside of the kitchen smoke-flue its entire length, as shown 
in Fig. 187. The pipe should not be less than 30 cm. in diameter, 
and should be painted black, so as to absorb as much heat from the 
range-flue as possible. The hood will then collect alt the steam, 
gases, and smells arising from the cooking, and direct them into this 
exhaust-flue, whose powerful draught will carry tHem at once to the 
roof. 

As ordinarily constructed, the range hood connects with some so- 
called brick ventilating flue of insufficient size, built in a cold wall, 
and is consequently valueless. An ordinary iron hood over a range 
is liable to become inconveniently hot, and if the head of the cook 
gets overheated the whole household is likely to suffer. By build- 
ing it double and allowing the cold air to pass between the surfaces, 
a part of this heat is taken up in warming the entering air. 

A gas-ventilating flue in the southeast corner of the kitchen over 
the sink gas-burner serves as an extra exhaust when this gas is 
lighted. This burner is provided with a ventilating bell on the prin- 
ciple of that shown in Fig. 168. 

Laundry Supply. — The fresh air supply is provided by a furnace 
hot-air flue. 

The exhaust is a brick flue adjoining the boiler flue, from which it 
receives its heat. (The drawing incorrectly represents this flue at 
some distance from the boiler flue, and not in contact with, it as it 
should be.) The gas-burner over the wash-tubs is ventilated into 
this exhaust-flue in the same manner with the kitchen gas-burner. 

Drying Room. — The supply is from the laundry. The exhaust is 
a large brick flue in the side wall heated by the flat-iron heater 
smoke-pipe of tile contained within it, and by a gas jet ventilated 
like that in Fig. 170. 

Furnace Room. — The supply is from the cold-air box, which starts 
in the front vestibule, as shown in Fig. 178, descends in the waste 
space of the chimney stack, Fig. 179, and passes under the brick 
steps leading from the basement hall to the furnace room. 

The exhaust is a 10 cm. tin flue, connecting with the drying room 
exhaust. 

W. C. The supply is from the back hall through perforations in 
the lower panels of the door. 

The exhaust is a tin flue 12 cms. in diameter, which passes along 
the ceiling of the laundry and connects with the exhaust flue of the 
first story W. C. The gas-burner with bell is ventilated into this 
flue. 

The Soil-Pipe is ventilated by a four-inch iron pipe passing up 
through the roof. 
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The First Floor (Fig. ITfiT) is ventilated as follows : — 

Dining-Room Supply. — Fresh air is supplied by a furnace hot-air 
flue and by a register in the chimney breast connecting with the 
fresh-air chamber around the distributor. Figs. 190, 208, 191, 192, 
193, and 194. 

The exhaust is the open fire-place, whose flue is warmed by the 
ranae distributor and flue. 

Toilet Room, — The supply is a hot-air flue from furnace, and also 
from distributor chamber of the library fire-place. 

The exhaust is a continuation of the exhaust-pipe of the W. C. be- 
low, enlarged to 15 cms. in diameter. 
. The gas-burner is also ventilated into this pipe. 

The Soil-Pipe Supply. — The soil-pipe is supplied with air through 
the man-hole over the yard cesspool trap. 

The exhaust is effected through a four-inch iron soil-pipe passing 
through the roof. 

The Study Supply, — From the distributor chamber over the study 
ventilating fire-place; also from a hot-air flue of the furnace. 

Exhaust, — The open fire-place. 

The ^s-burner is ventilated as shown in Fig. 168. 

The Fai'lor 18 ventilated in the same way with the dining-room, 
and as shown in Figs. 181, 182, 187, 188, and 189, the fire-place 
whose flue is heated by the range-fiue when it is not itself in use, 
acts as exhaust. 

The Hall, — The supply is the hot-air register from furnace. 

The exhaust is formed by the exhaust-flues generally throughout 
the house. 

The Upper Stories are ventilated throughout after the same prin- 
ciples, as shown in Figs. 177, 180, and 187. 

THE *' FIRE ON THE HEARTH" HEATER, NO. 2. 

Since the first part of this work was written the ''Fire on the 
Hearth " heater has been materially improved. Figs. 232 and 233 
represent the apparatus as it is now made. 

The heater is enclosed in a metallic shell or air-chamber which 
insures close contact of the fresh air with all the heating surfaces 
and leaves nothing to the care of the mason. The design of the 
front has also been much improved, making the fire-place one of the 
best manufactured, especially for ofiices. 

THE JACKSON FIRE-PLACE. 

This ornamental and powerful heater is now manufactured by 
Edwin A. Jackson, 316 East Twenty-eighth Street, New York. 
The manufacturers are prepared to furnish with each grate an orna- 
mental band of metal to diminish the height of the opening at the 
top after the manner of a narrow blower, for cases where the 
draught of the chimney is not good. By means of this strip this fire- 
place may be used with safety even where the chimney draught is 
feeble. 



Appendix. 



its noTe'lty. The size uid form Fig. 233. 

of the veDtilating tubus; the precautiona necessary to protect them 
from discoloration unrier heat ; the proper arrangement of the bells 
so that the products of combustion shall be carried off without ob- 
scuring the light, and wttbal the necessity for carrying out the design 
in an artistic manner, require considerable experience and taste 
on the part of the manufacturer. The bell over the burners in the 
chandelier shown in Figs. 149 and 151 has its upper surface con- 
structed of ginss set in ribs of metal radiating from the inner to the 
outer circle. The object of this is to prevent a dark shadow ring 
being formed on the ceiling. Over each burner a small metallic fun- 
'nel carries the gas products to the Tentilating Auhs. These ventilat- 
ing chandeliers are manufactured by Messrs. Shreve, Crump, & Low, 
of Boston, atider patent lights. 



